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This contract was initially conceived as a result of
discussions with Mr. Larry Wright of the Jet Propulsion Labora-
tory (JPL), concerning the critical need for accurate thermal
resistance measurements on transistors.
Since JPL test programs and experiments currently in
the planning stages are to be run with semiconductors operated
in ovens at 100°C, an accurate method of measurement of eJ-C and
eC-A to determine actual operating junction temperatures of the
devices will be required.
This report describes a three-month program performed
by Motorola Semiconductor Products Division whereby a thermal
resistance measuring technique was refined and its accuracy and
repeatability determined.
I Figure i shows the overall Program Test Plan and the
quantity of units used for the various tasks.
The Motorola type 2N2222 silicon annular epitaxialNPN
transistor was selected as the test vehicle for this program
I since this is to be the device evaluated in a proposed large-
scale accelerated test program for JPL. A Motorola data sheet
for the 2N2222 is included in the Appendix (Section 8.0) of this
report.
A total of 355 devices were tested on this program, all
from Motorola production lot 544, process SL3-05, manufactured
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The primary objectives of this contract were:
2.1 Phase I Tests - Measurement Methods for eJ-C
To refine the present method of measuring eJ-C of
individual 2N2222 transistors and determine if its absolute ac-
curacy was !I0% with a repeatability of _5% or better.
2.2 Phase II Tests - SJ-C Measurement Accuracy and Repeat-
ability
To verify the accuracy and repeatability of the eJ-C
measurement method by one or more independent measurement tech-
niques.
2.3 Phase III Tests - Measurement of eJ-A
To develop a method of accurately determining eJ-A for
the 2N2222 devic_ (TO-18 package) in the 100°C forced draft air
_J
flow ambient conditions to be used in the accelerated test pro-
gram.
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3.0 PHASE I TESTS - MEASUREMENTMETHOD FOR 8J-C
J
Upon receipt of the contract, Phase I tests were ini-
tiated to determine if the existing MotoroiaQuaIity Control
thermal resistance tester (referred to herein as tester HO-01)
was suitable for use on Phase II and III tests or would require
modification or a replacement tester. The following sections
present the details of these tests with significant results.
!
3.1 Initial Correlation Studies
I At the con_nencement of this program, the Motorola SL3-05 production line from which the 2N2222 test units were to be
obtained was just starting production following completion of a
l scheduled shutdown dating back to August, 1965. Rather than de-
lay the program by waiting until the first new productlon lot was
to be available (lot 544 - to be welded the week of 5 November,
1965), a sample of 25 devices from lot 531 (welded week of 6 Aug-
ust, 1965) were obtained from the warehouse for use as initial
correlation samples.
Initial eJ-C measurements were made on 21 of the 25
samples on tester HO-01 at three power levels, 250mW, 500mW, and
750roW (See Table 3.i). The mean values obtained were 152°C/W at
250mW, 89.5°C/W at 500mW, and 83.4°C/W at 750mW. The speclflca---
tion limit on _J-C for the 2N2222 is only 83.3°C/W and should notbe dependent upon power level (within the range of values in ques-
tion), therefore, the accuracy of the measurements was question-
I able.
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Accordingly, a review of the principles of operation
of thermal resistance tester HO-01 was undertaken.
The thermal resistance of a transistor is defined as
the effective temperature rise per unit of power dissipated in
a designated junction above the temperature of a stated refer-
ence point under conditions of steady-state operation. In this
particular program, the junction designated for power dissipation
was the collector-base junction and the reference point was the
transistor case. This can be stated mathematically as follows:
8J-C =
TJ - TC
P where TJ = Junction Temperature
TC = Case Temperature
P = Power Dissipation in
collector-base junction
eJ-C = Thermal Resistance
(i)
In equation (i), the case temperature TC and the power
dissipation P could readily be measured by direct methods; how-
ever, the junction temperature TJ would have to be measured in-
directly using a temperature-sensitive electrical parameter of
the transistor. We chose to use the temperature characteristic
of VBE, which is the forward drop of the emitter-base diode.
The test cycle, shown in Figure 2, consisted of applying constant
power P for an interval of time tI until the temperature difference
between case and junction was essentially constant. When the pow-
er was removed, a constant low forward bias current was automati-
cally established through the emitter-base diode. The VBE re-
covery was then sampled at two points; (I) immediately after pow-
er was removed, tl, and (2) after a two-second time interval, t2.
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i WAVEFORMOF POWERPULSE AND VBE MEASUREMENTIMES
I













The first sample of VBE represented the maximum junction tempera-
ture at the end of the power pulse. The second sample was a
measure of VBE with the case and junction assumed to be back to
the original equilibrium temperature.
This test method assumed three things: (I) that the
thermal capacitance of the case was much greater than that of
the emitter-base junction (essentially the die of semiconductor
material), thus, the heat stored in the die at the end of the
power pulse, when shared with the large thermal capacitance of
the case, resulted in a negligible change in case temperature,
(2) that the thermal time constant of the case-to-ambient was
much larger than the thermal time constant of the junction-to-
case and, therefore, the junction temperature reached case temp-
erature within the two-second interval between t I and t2, and
(3) that the volume of ambient air surrounding the unit under
test was sufficiently large to prevent any significant change in
the case-to-ambient value.
The junction-to-case thermal resistance, eJ-C, in °C/
watt, was calculated as follows:
8J-C Vl - V2 where
= K X P
VI = Value of VBE at TI, in
millivolts
V2 = Value of VBE at t2, in
millivolts
K = Temperature character-
istic of VBE in milli-
volts/°C for silicon de-
vices)
P = Power dissipation in watts
(2)
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VBE was measured with the same low forward bias current (refer-
red to as sense current) at both sample times, t I and t 2. Ex-
perimentationat Motorola has shown that the distribution of the
thermal characteristic of VBE (at I = 2.0mA, TA = 25°C - 300°C)
is very tight with maximum and minimum values remaining within
_3.5% of the mean value for a particular temperature. Thus,
once this mean value was determined for the Motorola 2N2222, it
was used as a constant in equation (2). Values of sense current
as low as 100_A were investigated, but at this current level,
the variation between devices was greater due to operating on
a non-linear region of the forward characteristic.
A block diagram of the basic test circuit employed is
shown in Figure 3. A grounded base configuration is used and
since VBE is the critical voltage to be measured, it permits
ground to be used as a convenient reference point for perform-
ing measurements. By use of logic circuitry, the value of VBE
at time tI (VI) is stored in capacitor CI and the value of VBE
at time t2 (V2) is stored at capacitor C2. These two values of
VBE are amplified by a difference operational amplifier to pro-
vide an accurate value of VI - V2 for equation (2). By addition-
al logic circuitry and use of decade levels of power dissipation,
the measurement system was easily modified to give direct eJ-C
readout in °C/watt on the digital voltmeter.
Careful study of the three assumptions made revealed
that the second and third assumptions were valid, but there was
a possibility that the first one was not valid. Measurements
were made of case temperature on a device during eJ-C measure-




Case temperature rises of 2.0°C, 5.0°C, and 6.5°C respectively
were observed. The effect of this case temperature change on
eJ-C accuracy was evaluated by testing seven correlation sample
devices ten times each on tester HO-01 in the normal manner and
then repeating the measurements with the cases of the same test
devices immersed in circulating deionized water at room ambient
temperature (See Table 3.3). The results of this study showed
no significant difference between eJ-C values measured in free
air and in the water bath. Further study showed that for a TO-
18 case in free air, a 1-second 500mW power pulse would indeed
raise the case temperature approximately 5°C, but during the two
seconds following the power pulse, this 5°C change would only
decrease by 0.5°C. Since the two samples of VBE are taken dur-
ing the two seconds following removal of power, the 0.5°C decrease
in case temperature would have negligible effect.
Since these investigations did not give a definite
answer for the high 8J-C values and variations among power lev-
els, another Motorola thermal resistance tester (referred to
herein as the bench tester) was evaluated. The bench tester was
originally the main 8J-C tester used by Quality Control, but it
has been replaced by HO-01 because of its slow test rate. How-
ever, it has been kept in part-time use as a calibration stan-
dard for HO-01.
The bench tester employs a 90% duty cycle square wave
to apply power and sense conditions to the device under test.
Power is on for approximately 40 milliseconds and then removed
for 4 milliseconds while a 2mA sense current is used to measure
VBE. By using an oscilloscope as the readout device, the value
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I of VBE at 2mA sense current and power off condition is set to
zero on the scope by a nulling voltage potentiometer. When the
power switch is turned on, a phase control is used to adjust two
timing relays so that the VBE value can be vlewed almost immed-
iately after the 40 millisecond power on condition ends. Since
the average power dissipation is 90% of its steady state value
with this system, the device under test is immersed in circulat-
ing deionized water during 8J-C measurements. By operating the
device in free air, the same tester is used for 8J-A measure-
ments. Another set of SJ-C data was obtained on the 25 cor-
relation samples using the bench tester (See Table 3.1). For
power levels of 250mW, 500mW, and 750mW, the mean values of 8J-C
obtained were 93.6°C/W, 97.8°C/W, and I03.6°C/W respectively.
At 500mW, this represented a mean value of 17%='above the maximum
specification limit of 83.3°C/W. However,.the variation with
power levels was only about_5% (500mW nomlnal). To evaluate
the repeatability of the bench tester, a group of six devices
from the correlation samples were retested at.the same three
power levels (See Table 3.2). The repeatabillty was found to
be within +5% at all three power levels.
A study of the oscilloscope waveforms.obtained from
the bench tester indicated that the entire leadlng edge of the
exponentlal decay of VBE following removal of power was missing.
Circuit analysis revealed that a set of relay contacts on the
sensing relay were being used to connect the VBE output to the
oscilloscope terminals. The delay caused by thls relay was re-
sponsible for missing part of the exponential waveform.
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I
The contacts on the sensing relay connecting the scope
to the VBE viewing circuit were disconnected and the emitter vol-
tage brought out directly to a differential amplifier input to
the scope° The nulling voltage was brought out to the other side
of the differential amplifier to permit a zero voltage adjustment
prior to applying power. The circuit of the bench tester after
these modifications were completed is shown in Figure 4.
The six correlation samples previously tested on the
bench tester for repeatability were tested again at 500mW to ob-
serve the effect of removing the sensing relay contacts from the
circuit (See Table 3.2). The effect observed was an additional
5°9% increase in the mean value of 8J-C.
Since the change to the bench tester and the subsequent
modification of the sensing relay circuit resulted in SJ-C values
even higher than the maximum 2N2222 specification limit, it was
decided to use tester HO-01 for the initial eJ-C measurements on
the 355 contract test units (from lot 544). In setting tester
HO-01 back up for testing the test devices, it was observed that
the 2mA sense current continued to flow during the 1-second power
pulse in addition to the programmed 40mA even though the panel
indicator on the tester indicated that IC was only 40mA. This
meant that the data taken previously (Table 3.1) was in error be-
cause the power levels were actually 275mW, 525mW, and 770mW,
rather than the 250mW, 500mW, and 750mW desired. This error was
corrected and the correct power levels were used for the initial
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Since there was considerable test data to support the re-
sults obtained on the bench tester, even though the mean values
were 23% above the specification limit, an additional test to
verify the data was performed. One unit from the original 25
correlation units and one unit from the contract test devices
were measured on the bench tester for 9J-C with the sensing re-
lay contacts disconnected and then with the contacts connected
(See Table 3.4). Instead of using the circulating deionized
water bath, however, the case of the device under test was mount-
ed on a thermoelectric cooler/heater with an adapter to fit the
TO-18 case. After the AVBE had been measured at 500mW, the pow-
er was removed and the case of the transistor raised in temper-
ature with the thermoelectric cooler/heater until precisely the
same AVBE was observed. For one device (S/N 115), the 500mW pro-
duced a AVBE of 102mW (sense relay in). With the previously
assumed VBE temperature coefficient ("K" factor) of -2.0mV/°C
for silicon devices, the 102mV change in VBE represented a 51 °
change in junction temperature (TJ). However, it required a
temperature difference of 55.5°C from the thermoelectric cooler
to achieve the 102mV change in TJ. Similar results were obtained
with the second unit (S/N 3). The lack of correlation between
these two methods indicated the possibility that the assumed "K"
factor was in error.
Accordingly, 25 devices from the contract test units
and five devices from the original correlation units were measured
for VBE temperature coefficient in circulating deionized water at
room ambient and at approximately 85°C (See Tables 3.5 and 3.6).
The mean "K" factor for the contract test units was calculated
to be ®I.84mW/°C while the five original correlation units averag-
ed -I.87mW/°C.
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To obtain additional verification of this new "K" fac-
tor value, twenty of the original correlation units were measured
on a "TACT" automatic parameter tester on VBE at 2mA in moving
air at room temperatures from 25.2°C through 200°C to simulate the
proposed JPL Accelerated Test Program (See Table 3.7). A linear
regression analysis was performed on this data and a slope of
-I.84mV/°C was computed with a correlation coefficient of 0.996,
which indicates a very good statistical fit to the observed data.
Since temperatures higher than 200°C would be encountered
on the accelerated program, VBE data was taken on six of the twenty
units previously tested up to 200°C on manual equipment with the
devices in moving air at temperatures of 200°C, 250°C, and 300°C
(See Table 3°8). This was to determine if any significant changes
in the "K" factor occurred at the higher temperatures. No sig-
nificant change in the slope was observed.
Using the value of "K" factor confirmed by four inde-
pendent tests (Tables 3.5, 3°6, and 3.8), the data in Table 3.4
indicated that the bench tester readings were indeed correct.
The 102mV AVBE for unit 115 converted to a eJ-C of II0.9°C/W.
The ATJ required was 55.4 ° which compared accurately with the
55.5°C actually measured. For unit 3, the 109mV converted to a
eJ-C of I18.5°C/W. The ATJ required was 59.2 ° compared to the
measured value of 58.7°C. The values of eJ-C with the sense re-
lay "in" were approximately 7 - 10% in error.
After the "K" factor experiments showed that the bench
tester was capable of measuring eJ-C with a high degree of ac-
curacy, an additional experiment was performed in an attempt to
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explain why tester HO-01 read so much lower than the bench tester.
The Motorola Applications Department measured the thermal response
characteristic for the 2N2222. This characteristic curve is shown
in Figure 5. This curve showed that the decay in VBE following
removal of power was at such a rate that a 1% error would be intro-
duced if 27.5_seconds elapsed before the VBE was measured (or ob-
served on scope). This error increased to 2% at ll0_seconds, to
5% at 710_seconds, and to i07o at 2.8 milliseconds.
It appeared that the most probable reason for HO-01 to
read much lower than the bench tester was a delay in sampling VBE
following the 1-second power pulse. Since relays were used to con-
trol the timing, it was possible that delays of i to 3 millisec-
onds might be experienced. However, since the time required to
change the relay circuitry and associated logic in tester HO-01
would have caused excessive delay in the program, alternate so-
lutions were investigated.
The 25 original correlation units were again tested on
the bench tester with the sensing relay contacts out and the new
"K" factor of -I.84mV/°C used in computing eJ-C. The units were
tested at the 500mW and 750mW power levels (See Table 3.9). Prior
to this set of measurements the test socket had a buildup of cor-
rosion due to being immersed repeatedly in the circulating water
bath. Erratic waveforms were observed on the scope during the nul-
ling step and this was traced to the contamination of the socket
contacts. The socket was thoroughly cleaned and the deionized
water replaced prior to making the measurements shown in Table 3.9.
The mean value of SJ-C at 500mW was calculated to be I16.8°C/W and
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1.25% between the two power levels and indicated that the original
theory that eJ_C was essentially independent of power level was
correct.
It was decided on the basis of the new and accurate re-
suits obtained on the bench tester that all 355 test units should
be remeasured initially for eJ-C at 500mW on the bench tester.
This was accomplished and the data is presented in Section 3.3.
The first 25 program test units (not including the unwelded de-
vices) were also tested at the 750mWlevel to permit an additional
check of the power level effect in thermal resistance. The mean
eJ-C value for the first 252 test devices measured at 500mWwas
I19.3°C/Wo The mean value of eJ-C for the first 25 units measur-
ed at 750mWwas I19.4°C/W. It was concluded from this experiment
that the thermal impedance is independent of power within the
range of power levels to be used in the Accelerated Test Program.
Since the bench tester required immersion of the test
device in circulating deionized water and was also very slow, it
would not be practical for large-scale testing such as that to be
required on the proposed JPL Accelerated Test Program and in in-
stances where devices could not be immersed (cap removed, etc.).
Therefore, additional tests were performed to see if correlation
could be achieved between tester HO-01 and the bench tester° The
25 original correlation devices were retested two times on HO-01
(See Table 3.9) with the scale factor changed. Comparing indi-
vidual devices, the largest difference between HO-01 and bench
readings was 5% for unit 23. The repeatability between the means
of the two measurements on HO-01 was +0.5%. For individual de-
vices, the largest difference was +2% for unit 12.
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Twelve of the first 25 test units (not including the
unwelded devices) were retested on HO-01 with the scale factor
adjusted (dial reading of 1.020) for correlation of eJ-C values
between the two testers. This data is presented in Table 3.11
and dated 12-4. Data was also taken on twenty of the same 25
test units with the original scale factor (dial reading of 1.500)
and with the changed scale factor evaluated (dial reading of
1.085) using the original correlation devices. This data is also
presented in Table 3.11 under the 12-4 date. Data on the same
25 test devices taken on the bench tester on 11-26 when all 355
test units were given their initial eJ-C measurements is also
shown in Table 3.11 to show the correlation achieved. The mean
SJ-C value of tester HO-01 readings with dial setting of 1.02
was calculated to be I18.67°C/W while the mean eJ-C value of the
bench tester measurements was I18.69°C/W. On individual devices,
the maximum difference between HO-01 and bench SJ-C values was
3.9% for unit 113. The mean of the differences between individ-
ual readings was 1.7%.
Since the correlation looked extremely good, the ma-
jority of the 355 devices were retested to obtain an accurate
initial eJ-C value from tester HO-01. Some devices had already
been started on other phases of the program and were not available
for this retesting.
During the period the scale factor evaluation tests
were being performed, the Motorola Applications Department measur-
ed eJ-C and eC-A on four of the original correlation units using
a cold water and hot water bath AVBE comparison technique simi-
lar to the one used by the Reliability Programs Department to ob-
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tain the data previously presented in Table 3.4. The data ob-
tained by the Applications Department is presented in Table 3.10
with the Reliability Programs Department values. The comparison
of readings showed that eJ-C values on two of the units differed
by only 2.5%, on one unit by 5.6%. The last device apparently
had been damaged, or an error made in measurement since the Appli-
cations Department reading was 18% less than the one made by the
Reliability Programs Department. For the other units, however,
the correlation with an independent tester was satisfactory.
Six of the twelve units used for correlating tester
HO-01 with the bench tester on 12-4 were retested on 12-17 and
12-18 to determine if the correlation had changed significantly.
The data is presented in Table 3.11. No statistically signifi-
cant change in correlation was observed.
One additional modification was made in the bench tester
during the balance of the program. It was observed while testing
eJ-A in free air that a small rise was occurring in both junction
temperature (TJ) and case temperature (TC) in the "power off" con-
dition. Investigation showed that although the emitter current
was reduced to 2mA (I sense) when the power switch was turned off,
the collector circuit was still connected and IC of 2mA was flow-
ing. With the 12.5 volt VCE supply, this produced an average col-
lector dissipation of 23mW (90% duty cycle) which was causing the
observed temperature rise. The circuit was modified by using an
additional set of contacts on the power on/off switch to interrupt
the collector current in the "power off" position. This change is
included in the circuit shown in Figure 4.
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3.2 Initial Group A Measurements
Prior to processing the test devices for this program
through the final welding operation, a 100% microscopic visual
inspection was performed. Those devices which had any signifi-
cant variation in the surface conditions of the aluminum metal-
lization different from standard product were rejected. This
was to insure a relatively homogeneous test lot for the thermal
resistance studies.
Prior to any thermal resistance measurements, all test
devices were measured on ten standard Group A d-c parameters.
This was to insure that only devices meeting the 2N2222 elect-
rical parameter specifications would be used in the program.
The parameters measured, measurement conditions, and specification
limits are shown in Table 3.12. This table is a copy of the actual
programming sheet that accompanied the devices to the Fairchild
"500" automatic tester on which the Group A measurements were
performed. All electrical parameter data was automatically
punched into IBM data cards by the Fairchild tester and proces-
sed for rejects on a GE-215 computer.
3.3 Initial SJ-C Measurements
The initial measurements of eJ-C at 500mW and 750mW
power levels on the 335 test devices were performed on Motorola
Quality Control tester HO-01 during the period of 11-5-65 through
11-16-65.
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Following a thorough investigation of 0J-C accuracy
and correlation, it was decided by Motorola that the initial
0J-C data should also be taken on the Quality Control bench test-
l er at the 500mW level. These measurements were performed on
11-26-65. The first 67 devices could not be tested on the bench
l tester as they were unwelded (no cap) devices. Also, some of theremaining 288 devices had already started other testing and were
not available for this measurement.
The eJ-C measurements data for both the HO-01 readout
and the bench readout are presented in Tables 3.13 and 3.14.
The details of the initial correlation investigations
are contained in Section 3.1 of this report.
3.4 Modifications in Measurement Techniques
This section summarizes the baslc modification in
equipment and/or techniques that were made on the two thermal
resistance testers used on the program. The details are dis-
cussed in Section 3.1.
For Quality Control tester HO-01, the following modi-
fications in equipment and/or measurement techniques were com-
pleted:
i. Corrected operating power level to allow for ad-
ditional 2.0mA of sense current flowing in collector
circuit but not indicated on tester.
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2. Set 12.5 volts VCE with calibrated oscilloscope
between collector and emitter rather than depend on
accurately setting up an 11.8 volt VCB on a 50 volt
full-scale 3% panel meter and assuming a VBE value
of 0.7 volts.
3. Used sense current level of 2.0mA rather than
IO0_A to operate on a linear portion of the base-emit-
ter diode forward characteristic curve.
4. Corrected scale factor by changing dial value
from 1.50 to 1.02. This change included correction
for the change in "K" factor (from 2.0 to 1.84) and
for the apparent time delay in the sampling of VBE
at the end of the 1-second power pulse.
For the Quality Control bench tester, the following
modifications in equipment and/or measurement techniques were
completed:
Io Removed sensing relay contacts from scope circuit
monitoring VBE and viewed VBE directly on scope through
differential amplifier. This permitted observation of
the full exponential decay waveform of VBE immediately
following the removal of power.
2. After completion of Item i, the phase control was
adjusted in such a manner as to observe VBE within
l_second after the power was removed.
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3. Changed "K" factor used in calculating eJ-C from
-2.00mV/°C to -I.84mV/°C.
4. Reduced socket contamination and corrosion by
cleaning socket and changing deionized water fre-
quently.
5. Twisted leads to measurement socket to eliminate
tendency of circuit to have random oscillations.
6. Modified power on/off switch to reduce actual
"power off" condition from 23mW to approximately 1.4mW.
3.5 Corrected Initial eJ-C Data
After completion of the initial correlation studies
described in Section 3.1 of this report, good correlation was
obtained between Quality Control tester HO-01 and the Quality
Control bench tester.
Since some tests on this program could not be per-
formed on HO-01 because of the water immersion requirement (the
unwelded units), and because the repeatability experiment would
involve I000 individual measurements which would be similar to
the requirements of the proposed JPL Accelerated Test Program,
it was decided to retest the majority of the 355 test devices on
tester HO-01 at 500mW power level with the scale correction.
Some devices were already in testing and not available for this
measurement. These measurements were performed during the period
of 12-4-65 through 12=6-65.
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The eJ-C measurements data for the retest on HO-01
are presented in Tables 3.15 and 3.16.
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.150 .0945 .0875 .I04 .I04 .108
6 •171 .0956 .0885 .I00 .103 .107
7 .115 .0839 .0803 .092 .093 .I00































































.I030 .0957 .I07 .112 .118
.0923 .0869 .096 .101 .107
.0863 .0778 .090 .094
.089.084
23 ........... .091 .097
24 ......... .104 .110
25 .180 +2.0 ° .0810 +5.0 ° .0760 +6.5" .088 .098
DATE 10-28 11-1 q 10-28 11-19 10-28 11-19 I I-2 11-2
STATION ]I0-01 H0-01 IIO-Ol H0-01 l[O-Ol 110-01 Bench Bench









REMARKS * OJ-K_ data taken with sense current of 2.0mA
on both HO-Ol and Bench tester.







Retest of selected units
K Factor = -2.( es




250_m_ , I 500_
I

















r 19 . _o





i 25 .092 .096
OA_ iz-4 [ /ll-_




PAE 1 or 1
m _1 ii
DEVICE TYPE 2N2222
S_EC. REV. NO. PROJ, 1130 (JPL)
LOT St_SER 531 (SL5-05)
GsotPRgY 098 susG_otmCorre; ation Unil
on Bench for Repeatability check and evaluation of Ist clrqult ci



















































S _ m i c or_le_Nc _,m.
Jme._e_eo Detelmlo_
PAGE--I OF 1
TR ERI_L RES ISTANC E DATA
DEVICETYPE 2N2222
TABLE 3.3 SPEC. REV. NO. PROJ. 1150 (JPI_
tOT NUMSER 531 (SL3-05) _!
GROUPREY 098 SUSG_oupCorrel_tlon l.ln.l' t
Test to Determine if rise in TC on HO-OI was causin_ significant eFror in 8J-C.*
Unit #2 Unit #4 Unit #5 Unit #6 Unit #7

































.0762 .0722 .0731 .0854 .0778 .0782 .0731 .0748



































.0730 .0712 .0715 .0811 .0796 .0743 .0729 .0734 .0715

















































DEVICE T'VPE 2N2222 ;"
THE,PdvL_ILRESISTANCE DATA SPEC. REV. NO. PRO3.' 1150 (JPL]:.
TABLE 3.4 LOT NUMBER 531 & 544 (_L3-_.9)
GROUPREY 098 SUSG_oupCorrel_tion Unit_
Me as ure me nt
"K" Factor=-2.0mv/°c (estimate) TC (Hot & Cold) controlled by
IC=40mA Sense Relay
VCE=I 2 o5V "out"



































































,_A_ -..-_ O_ l
THERMAL RES ISTANCE DATA
TABLE 3.5
OEVlC( T'_E 2_12222
SPEC. REV. No. PROJF_ 1130 (.TPL')
LOT NUMBER 541 (SL3-05)
i
GROuPREY 098 su_ZOl (Water-Bath
Data for verification of VBE temperature coefficient - Water Bath Method.
VBE measured at IE = 2.0mA, IC = 0





















102 24.22 .681 84.91 .569
103 24.75 .690 86.65 .576
104 25.00 .699 86.65 .584
105 25.00 ,700 86.68 .588
106 25.25 .694 85.78 .580
107 25.25 .691 84.91 .580
108 25.25 .690 84.91 .580
25.25 85.13.699109 .586
110 .............
Ill 25.25 .691 84.69 .582





















25.25 .698 84.47 .588













122 .691 83.59 .583
123 .694 83.37 .588







































_e DII#ilI_ew THERMAL RESISTANCE DATA
PAGE_ oF 1
DEVtCE T_E 2]N2222
TABLE 3.6 SPEC. REV. NO. PRO.T= 1130 ('.TPL _)
LOT NUMBER 531 (513-05)
GROUPREY 098 SUBGROUPZ01 _ater-Batb
%
Data for verification of VBE temperature coefficient - water bath method.
VBE measured at I_2.0mA, IC=0




UN I T Volts

























6 .687 84.91 .573
7 .688 84.47 .970
i i I i i i i i i ,
DATE 1],-25 11-25 11-25 11-23
STATION Bench '1 Bench Bench Bench
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PAGE 1 OF I " ,
DEVICETYPE 2N2222
SPEC. REV. NO. PROJ, 1130 {JPI,)
LOT NUMBER531 (SL3-4353
GRouPREY 098 SUBGROupZOI (200-300*03
Data for calculating VBE temperature coefficient ("K" Factor) in range up to 300"C.
!















































































RI_ARKS* Reference tot relat:ing 200 - 300"C data to previous NAME
readings taken between 25"C and 200°0 on 11-24-65. TITLE
























PeOe*NHPO DhFI o dUlnwt




SPEC. REV. NO., PROJ, 1130 (JPL_
LOT NL_4BER 531 (SLY-05) _;
"t.-)
'Bench Tests with sensing relay omitted &"K"












































GRoueREY 098 suscmoupCorrelatlon Dn£!














°clw _v °c/w °c/w °clw
160118 104116 105













































119 164 119 105
118 163 118 III

















119 ]63 118 108 109
II0 150 109 99 I00
106 144 104 97 99























SPEC. REV. NO. PROJ. 1130 (JPL_
LOT _BER 531 (SL3--05)
GROUP REY 098 SUBGROUPCorre:









Applications Department Test Data
















4 77 I13 319 206
30082 112 188
7 79 93 306 213
5 248 ¢4 115 210
i i
DATE 11-24 11-24 12-3 12-5 I12-3
STATI ON H0-01 Bench AppI. Appl. Appl.
I N SP. Page
STAMP .,3-32 ,,
* Before any changes in measurement method. NAME
REMARKS ** With sensing relay disconnected and -l.84mv/°c TITLE ,











PAGE --1 OF •
DEVICE TYPE 2N2222 _:. ,
SPEC. REV. NO. PROJ, 1130 _JP_ _ .
LOT NUMBER 544 (._L_-05) !
GROUP REY 098 SUBGRoupOorrel_tion t_nlt
Adjustment. of H0-01 Scale Factor for Correlation with Bench Tester. :'i
DIAL: --- 1.500 I .085 I .020 1.020 ,1.02()
IC : 40mA 42mA 42mA 42mA 62mA






















































120 81 III 120 ......
108 113 79 106 114 ......
109 109 --- 109 107 I08
110 ...............
III 126 86 119 129 127 126
112 I13 77 105 115 ' - .....
I15 129 87 "'_ _=A 190 127£ iV _J .....
114 116 78 llO .........
ll5 113 74 104 .........
116 113 72 103 109 108 I07
117 117 78 109 .........
118 124 81 113 .........
119 116 75 106 .........
120 131 87 121 .........
121 117 77 107 .........
122 118 78 109 118 115 114
123 128 83 114 .........








12-4 12-4 12-4 12-17




REMARKS (*) Sens£ng relay om£tted & "K" factor=-l.84mv/°c. NAME
TITLE









































MOTOROLA INO. PAGE ]. OF 3
Semlconducb:_. _
THERMAL RESISTANCE DATA O£VlCE mE 2N2222
SPEC. REV, NO. PROJ. 1130 (JPL)
TABLE 3.13 LOT NUMBER Unwelded-544 (S_-05)
Hi





































No initial readout was performed on Bench tester since the








REMARKS * 2mA sense current used.






































































MOTOROLA FORM NO, $P0,,10711
................................... L










SPEC. REV. NO. PROJ. 1150 (JPL) ....;
LOT NUMBER Unwelded-544 (SL5-05)





DEVICE 'TYPE 2N2222 :"
SPEC. REV. NO. PROJ. 1130 (.TPT_
LOT NUMBER Unwelded-544(S13..05)



























































S'EC. REV. NO. PROJ. 1150 (JPL)
LOT _ER 544 (_I.3"05)
Initial R/O - Q.C. Tester H0-01*
DIAL: I .5 2.25
IC : 42mA 82mA













GROUP REY098 SUBGm)UP Initial BJ-O
Initial R/O - RPD Bench Tester **
"K" Factor : -I.84 mv/vC.















I01 .0818 .0759 .115 106 .117
102 .0876 .0804 ..............






















































III .0887 .0857 116 175
112 .0590 .0751 .I15 104 161
115 .0922 .0863 .129 I19 180




158116 .0765 .0716 .I13 104
117 .0825 .0789 .I17 108 1_5
118 .0860 .0795 .124 114 172
















123 .087] .0807 .128 118





























REMARKS *2mA Sense Current used for both BO-O1 and Bench
**"K" FeetoC o_ -1,84mv/'C "used



















sprc. REV. NO. PROJ. 1130 (JPL)
LOT NUMBER 544 (SL3-05) -%




126 .0798 .0749 .113 104
1 27 .0789 •0741 .117 108
128 1.31 1.26 .174 160
129 .0836 .0774 .121 III
150 .0807 .0742 •116 107
151 .0807 .0746 .116 107
132 .0958 .0883 .135 124
133 •0825 .0786 .113 104
134 .0834 .0766 .II0 I01
135 .0815 .0747 .121 III









































146 .0795 .0733 •113 104
147 .0785 .0753 •III 102









MOTOROI.& FORM NO, llPOelO?ll
•3 21 2952.49
.0775 .124 114











eA_ _______ OF !2
DEVICETYPE 2N2222
SPEC. REV. NO. PROJ. 1130 (JPL)
LOT NUMBER 544 (3L3-05) "
GROUP P,_Y098 SUBGROUPInitial e3.-c
UNI T








































































165 .0845 .0764 .125 I19
166 .0826 .0745 .122 112









































































178 .0868 .0851 .124 114
179 .0869 .0787 .126 116
180 .0788 .0749 .113 104













































192 .0789 .0735 .I13 104
193 .0827 .0747 .124 114
194 .0849 .0791 .124 114
195 .0860 .0802 .122 112
196 .0799 .0751 .115 106
197 .0799 .0748 .117 108
H ,.
198 .0793 .0755 .121 III
199 .0824 .0785 .127 117
200
DATE

























PAGE: 5- OF _ _ 2
DEVICE TYPE 2N2222
S'E¢. REV. ,O. eRe J, 113n (_JP_
LOT NUMBER 546, (SLY--05) _;':




























207 .0828 .I18 109
208 1,07 .154 142
209 .0802 .123 113







































217 .0893 .123 113






















































SPEC. REV. NO. PRO3. 1150 (3PL)
LOT _R 544 (SL3-05)














228 .0736 •109 100
229 .0806 .117 108
230 .0657 .099 91
231 .0774 .III 102
232 .0948 .156 125
233 .0857 .117 108
234 .0838 .III 102























237 .0791 .I13 104
238 .0804 .I14 105
239 .0808 .122 112
2&0 .0819 .II0 I01
241 .0821 .124 114













247 .0815 .I16 107
248 .0784 .0722 .114 105
249 .0850 .0781 .]21 111
250 .0785 .0751 .]18 109





MOTOROLA FORM NO, SPO•|071
Page.
NAME








eA_ 7.--Z._ OF, 12
DEviCE TYPE 2N2222
mEC..EV. NO. PROJ. 1130 (JP_ i
LOT NUMBER '"504 (SI_-05) :_ ,














































255 .0737 .I15 106
256 .0805 .121 III
257 .0732 .112 105
258 .0775 .125 113
259 .0781 .118 109
260 .0822 .125 113
261 .0716 .112 103
262 .0779 .123 113
265 .0752 .122 112
264 .0740 .117 108
265 .0726 .112 I05
266 .0775 .118 109
267 .0741 .122 112
268 .0756 .113 104
269 .0746 .118 109






















!I0-01 H0 -01 Bench















PAC_, 8 OF 12
DEVICE TYPE 2N2222
sPEC. REV. NO. PROJ. 1130 (JPL) .......





































































, UNIT i I
irVlI N IMUM
I_AX I_JM I '1
I I 301 i .0P, 23 i
I J m
302 i .08_,7
i I 303 I .0846 J
I I 304 i .0856 i
, 305 1.0788 ,
i 6 i 28 i
i 307 I .0818
, 308 ;i.0817 i
, 309 , .0835 ,
i 310 I "0819 I
i311 0891i
312 , .0831
i 313 i .0815
i 314 [ .0780
, 315 i ,0801
, 316 ,.0801
I 317 ,.0806
, 318 , .0811
, 319 i .0772
• 320 1.0847
, 321 .0645
i 322 , .0918
, 323 , .0797
, 324 ,.0926
I 325 t .0827..
I DATE , I1-15









SPEC. REV. NO. PROJ. 1130 (JPL_)
LOT NUMBER 544 (SLY-05)















































DEVICI£ TYPE 2N2222 i,
s'EC. REV. NO. PROJ. 1130 (JPL) _
































































339 .0935 .0868 .128 118
340 .0736 .0674 .I07 98

























































TABLE 3.14 (Cont 'd)
FAG[ 11 OF. 12
De"VlCE T'mE 2N2222
s_EC.,,:v. _. P_,OJ,113o (_L)
LOT MJMOER 544 (SLY-05) '_":_






















355 .0792 .0724i .I15 106
354 .0646 .06001 .097 89
355 .0875 .0815 .121 111
356 .0812 .0752 .116 107
































364 .0807 .0740 .117 108
365 .0766 .0696 .112 103
366 .0873 .118 109
99567 .0768 .0711 .I08
368 .0815 .0792 .115 106















373 .0756 .0719 .I17 108

























SPEC. REV. NO. PROJ. 1130 (JPL)
LOT NUMBER 544 (SLY-05)
!"




576 .0770 .121 Ill
577 .0748 .112 103
578 .0751 .117 108
379 .0758 .121 III
380 .06391 .I07 98
381 .0745 ! .I18 109





















































SPEC. REV. NO. PROJ. I130 (JPL)
LOT NUMBER Unwelded-544 (SL3-05)
<.
GsOUp REY 098 susG_oupRetest-_nltlal










































I N SP. Page.
! STAMP j-/).L
REMARKS (*) 2mA sense current used.












SPEC. REV. NO. PROJ. 1130 (JPL)
LOT NIJMI_ER Unwelded-544 (S_-05)


































































S e m i c oe_l _= t_me
THERMAL RESISTANCE DATA
TABLE 3.15 (Cont'd)
DEVICE TYPE 2N2222 -_!
SPEC..EV. NO. PROJ. 1130 (J_}
LOT NUMBER Unwelded-544 (S_5)
GRo_REY 098 SUBGRO_ Retest_[nlt£al
t
UN IT



























































PAGE l---L--- OF L
D£VlC£ 7_E 2N2222
SPEC. ,EV. NO. PROJ. 1130 (JPL)
LOT ,raCER 544 (3L3-05) i
8GnOUP REY 09 susGsouPRetest_Init|al
Retest of Initial BJ-C Data on H0-01 after scale change to correlate with BenchTest,
DIAL- 1.02 _.02 1.02
IC : 42mA 42mA 42mA
VCE : 11.9V 11.9V 11.9V
S/N
UNIT



































































































Data taken on 1st 25 un£ts on 12-6 & 12&16
















sP_'c..EV. NO. PROJ, 1130 (JP_)_






















































































































































































TABLE 3.16 (Cont' d)
pM_5_2___ or 11 _
DEVICE TYPE 2N2222
sPEc. R£V. NO. PROJ. 1130 (JP_L)



































IN SP. P@ge ^
STAMP J-._
REMARKS


























D£VlCE T_P£ 2N2222 L_
sPEC..cv. NO. PROJ. 1130 (JPLI
LOT NUNBER (SL3-05) 544- _.(_-
GROUPRE"I 098 SUBGRO_ReteS_Initial
.i_ }J-
Data taken on 12-6 on S/_l 226 through 275 was to obie_






























































































DEVICE "r_E 2_2222 _
SPEC. REV. NO..... PROJ, 1130 (JPL)






























































































SPEC. REV. NO. PP.OJ. 1150 (JPL])










































































_EC. REV. NO.. PROJ, 1130 (JP_ ,,












































































TAB LE 3.16 (Cont 'd)
G I0 31
PA_E__ OF _ i-'
OEVlCE TYPE 2N2222 ,;_:
SeEC..EV. NO. PROJ. 1130 (3]_)
LOT NUMBER 544 (SLY-05) _,_.'-'-
;4











































































"A_ IJ!--- OF ,71 ,
DEVICE TYPE ,, 2N2222 ' _-
SPEC. REV. NO. PROJ. 1130 (J_)
LOT NUMBER 544 (SLSI05) _j_i
G_OUPREY 098 _-susG_oupRete s1 Inlt lal
UNI T































4.0 PHASE II TESTS
eJ-C MEASUREMENT ACCURACY AND REPEATABILITY
4ol Experimentation and Modification of Original Test Program
The original test plan was to use two hundred and ten
devices randomly selected and divided into four groups. Group i
would contain 25 units for the thermocouple experiment, Group 2
would contain 30 units for the infrared experiment, Group 3 would
contain 55 units for the temperature paint experiment, and Group 4
would contain I00 units for the repeatability experiment. Certain
technical problems were encountered and some modifications were
made in this portion of the program. The modifications did not
alter the scope or effort originally planned for meeting the con-
tract requirements° The next five paragraphs describe the tests
as they were actually performed°
4olol Thermocouple Method
It was originally planned to stitch bond a i mil chromel-
alumel thermocouple to the emitter area on 25 devices. When the
bonding was started, only one successful bond was achieved after
five hours of effort and four destroyed transistors. The junction
on the end of the i mil thermocouple was approximately 3 mils in
diameter. When subjected to stitch bonding, this junction flat-
tened out enough to produce a base=emitter short. It was decided,
therefore, to bond the thermocouples with a special "HT" cement
manufactured by Omega specifically for bonding thermocouples to
4-1
surfaces to be operated at high temperatures. This also proved
to be a difficult operation. The 1 mil thermocouple had to be
formed to prevent shorting base to emitter, placed on top of the
emitter wire bond attached to the die, and a drop of HT cement
applied, all under a microscope. Extreme care was taken to pre-
vent breaking the 1 mil wires. Because of the length of time re-
quired to bond the thermocouples with HT cement and the extremely
fragile nature of the 1 mil wires, the quantity of thermocouples
to be bonded was changed from 25 to ii. One was stitch bonded
and ten were bonded with HT cement° The number of scheduled read-
outs on each device was increased from one to four to partially
compensate for reduced sample size.
Two additional problems were introduced with the new
bonding method° The 0J_C values were found to be lowered approxi-
mately 10% by the application of HT cement, the actual percentage
depending on the amount of cement used (see Page 1 of Table 4.3).
Consequently_ all devices were remeasured on 0J-C after the thermo-
couples were bonded° Second_ the thermal time constant of the de-
vice was increased significantly so that even though the 1 mil
thermocouples had a thermal time constant of approximately 50 milli-
seconds_ the blob of HT cement holding the thermocouple raised the
overall time constant to many seconds. This prevented using this
method to determine the maximum junction temperature reached dur-
ing a one second power pulse as had been originally proposed. An
alternate plan was chosen to determine the steady state maximum
operating junction temperature using the bench tester to measure
AVBE (from which ATJ was calculated) and the 1 mil thermocouple to
measure ATJ directly° The 500mW power level was used since it was






Section 3.1) that eJ=C was independent of power level° Also, the
original assumption that eJ_C would be higher when the cap was
removed was found to be in error° The value of eJ®C was found to
be independent of the cap being on or off (see Table 3.16 in Sec-
tion 3°5 and Table 4oi in 4°2). Some additional information ob-
tained from this experiment that was not originally planned was
data for calculating eC®A for devices operated in still ambient
air with caps removed° The data was used as a basis for the temp-
erature=indicating paint tests described in Section 4.4.
4ol.2 Infrared Microscope Method
The first change in this test plan was the elimination
of the five devices for determining emissivity. In discussing ar-
rangements for this test with Autonetics (infrared microscope fa-
cilities at Autonetics were used for this experiment), it was de-
termined that the test procedure to be followed would automatically
account for emissivity and that a separate measurement would not be
necessary° The second change in the test program was to reduce the
number of samples for infrared scanning from 25 to 5. This was
necessary because of the amount of time required (almost two days
for five devices) for accurately scanning each device. The experi-
ment to determine the maximum junction temperature reached during
a i second power pulse was not performed due to the limited time
available on the Autonetics equipment. In addition, the power levels
used were 250mW, 500mW, and 750mW rather than the original values of
500mW, 750mW, and 1083mW due to difficulties encountered in working
at the higher junction temperatures with the Philco Thermal Plotter
during temperature calibration tests (see Section 4.3).
4-3
4olo3 Temperature-lndicating Paint Method
The test program for this experiment was modified in
several ways° Tests A, B, and C (see Figure I) were performed
with steady_state power applied to units in moving 100°C air cor-
responding to the proposed JPL Accelerated Test Program rather
than the i second power pulse in still ambient air originally pro-
posed. It was found that the temperature-indicating paint had a
slow thermal response time (from seconds to minutes, depending on
temperature range) and could not be used to accurately determine
temperature changes during a I second power pulse. As a result,
the steady=state-type operation was necessary. The power level to
be used was calculated individually for each device based on its
measured SJ-C and the mean value of eC-A determined from the tests
of Section 5°3° Power levels selected were to cover junction temp-
erature values between 175°C and 335°C and case temperature values
from 120°C to 230°C, which corresponded to the temperature range
of Detecto®Temp paint types available. The 25 units originally
scheduled for test group G were divided into three groups (GOI, GO2,
and GO3) and Detecto-Temp paints with those temperature ranges be-
tween 60°C and 155°C were applied° Power was applied to each de-
vice while observing it under a microscope. The power level was
increased in small steps until the paint changed color, indicating
that a specific temperature had been reached. The value of power
required to reach that temperature was recorded. An additional
group of thirty devices was added to the program as tests K, L, and
M. These tests were performed in a similar manner to those of GOI,
GO2, and GO3, except the paint temperature range was from 120°C to
340°Co Also, the value of eJ®C was affected by the amount of De-
tecto®Temp paint applied° It was necessary, therefore, to remeasure
4-4
eJ-C on all devices on tester HO-01 (I second power pulse) after
the paint had been applied. Due to the short duration of the pow-
er pulse, no change in the paint colors occurred during the re-
measurement of eJ-C at the 500mW level.
4.1o4 Water Bath Method
Due to the poor results of the infrared microscope
method, it was felt that one additional independent verification
method should be included in the program. The water bath method
was selected and although only one device was tested, the method
was very precise and repeatable.
4.1.5 Repeatability Verification
The tester to be used for this experiment was HO-01.
The modification of the tester to show adequate correlation with
the bench tester took longer than previously planned. This pro-
hibited using the tester over a sustained time period to perform
the repeatability tests° Consequently, the repeatability test was
performed during two eight=hour shifts.
4.2 Thermocouple Method
After it was determined that a i mil chromel-alumel
thermocouple could not be readily stitch bonded to the emitter
area, an evaluation of two bonding cements was performed to de-
4-5
termine their suitability for this program (see Table 4ol)o The
two cements evaluated were Omega "HT" and Eastman 910. A very
small amount of each cement was applied to the die on three 2N2222
devices that had been previously measured on eJ-C using tester
HO-01, both before and after their caps were removed. The removal
of the caps had negligible effect on the value of eJ-C. The Omega
HT cement showed no significant effect on SJ-C in the wet or dry
state° The Eastman 910 cement showed considerable effect of reduc-
ing SJ®C while wet and shorting out the device when dry. The Omega
HT cement was selected for the bonding of thermocouples to the emit-
ter area of test devices used for this experiment.
Twenty five devices that had previous SJ-C measurements
on tester HO-01 were selected for this test (Group FOI) o The eJ-C
values chosen were representative of the broad distribution of the
entire test lot of 2N2222 devices (production lot 544, process SL3-
05)° The caps were removed from the 25 test units and an attempt
was made to stitch bond a 1 mil chromel-alumel thermocouple to the
emitter area of each device. As previously mentioned in Section 4.1,
only one device was successfully stitch bonded. An additional group
of ten devices were suitably bonded with the Omega HT cement° Dur-
ing the initial evaluation of HT cement, no significant effect on
eJ-C was observed; however, when a much larger amount of cement was
applied to adequately hold the thermocouples firmly on the die, a
reduction in eJ®C of approximately 10% was found° All devices were
then remeasured for SJ-C on tester HO-01. The original eJ-C values
and post bonding values are shown on Page 1 of Table 4°3°
The eleven test devices were operated at 500mW in still
ambient air and AVBE was measured with the bench tester and the
4-6
TJ was measured with the i mil thermocouples on a Honeywell
Model 2733 potentiometer bridge that had been calibrated by
the Motorola Temperature Standards Laboratory. Each individ-
ual device was measured from one to eight times, depending upon
how long the i mil thermocouple wires survived the required
handling. The ambient air temperature (TA) was measured with
an expanded scale (.l°C/division) laboratory thermometer (TCA
Model 444324), which was also calibrated by the Temperature
Standards Laboratory. The test data is shown in Table 4.2. On
the eighth readout, a 3 mil copper-constantan thermocouple was
soldered to the index tab on the header flange of eight of the
test devices for measuring case temperature. Only the 500mW
power level was used for these tests since eJ-C had been shown
to be independent of power level by the initial correlation
tests described in Section 3.1. The AVBE measurements were con-
verted to TJ values by using the "K" factor of -I.84mV/°C es-
tablished during the initial correlation tests, and the measured
value of TA. This data is shown on Pages I and 2 of Table 4.3
along with the calculated percentage difference (A%) between
the value of junction temperature determined from AVBE (con-
sidered as the calculated value) and the value measured directly
with a thermocouple. On the eighth readout, the case temperature
was computed from the relationship shown in equation (3).
TC = TJ - 0J®C X P where TC = Calculated Case Temp.
TJ = Calculated Junction
Temp.
0J-C = Measured Thermal
Resistance
P = Power Dissipation
(3)
4-7
The calculated TJ was used in this computation rather
than the measured value because in several instances, the i mil
thermocouple had been broken and no value of measured TJ was
available°
On Page 3 of Table 4.3, the mean values of measured
and calculated TJ for each individual unit are presented. Since
TC was measured on one readout, the mean measured value was the
same as the eighth readout value° For the mean calculated value
of TC, the computation was made using equation (3) and the mea___._nn
value of calculated TJ.
The range of the observed difference between measured
TJ and calculated TJ was +2.1% to -15.0% for individual readouts.
For the individual device mean values, the range of the observed
differences wa_ +1.6 to -12.4% and overall mean value for all de-
vices was -5.6%. It was noted that with only one exception (unit
#245, which had only a single readout prior to damaging the i mil
thermocouple), the ten devices bonded with HT cement had a nega-
tive difference, that is, the thermocouple indicated a lower junc-
tion temperature than that calculated from AVBE. We postulated
that the thermocouples were not actually in physical contact with
the junction surface. Several attempts were made to X-Ray the
devices to resolve this question; however, the density of the HT
cement was such that the i mil thermocouple could not be distin-
guished from the background. The postulation was verified by
using a resistance bridge (ohmmeter) to determine if electrical
continuity existed between the thermocouple and the emitter on
each device. All ten devices with HT cement were found to be "open"
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that is, the thermocouples were not in intimate physical contact
with the junction. Evidently, a thin film of HT cement was de-
posited under the thermocouple during the bonding operation. The
device that was stitch bonded (Unit #276) had a mean difference
between measured and calculated TJ of only +1.6%. It was also ob-
served that the one other device that had a very low percentage
difference (also positive) between measured and calculated TJ had
shown a 2.6% decrease in SJ-C after bonding. This indicated that
a much smaller amount of cement was used in bonding this device
(confirmed by visual observation).
For a nominal SJ-C value of 100°C/W, an absolute ac-
curacy of _i0% represents a !6.7% TJ accuracy at 500mW and TC =
25°C (condition under which initial eJ-C would normally be measured).
Since the observed mean error in TJ measurement by the thermocouple
method was -5.6%, the accuracy of the AVBE measurement technique
was verified. In fact, if the error caused by the cement under the
thermocouple could be eliminated, this method would very likely





The observed mean difference between measured and cal-
culated values for TC was -9.7%. Some difficulty was initially
experienced with the 3 mil copper-constantan thermocouples giving
measured TC readings that were considerably lower than the values
shown on Page 2 of Table 4.3. The thermocouples had originally
been bonded to the index tab of the header flange with Eastman 910
cement. Evidently, the cement flowed under the thermocouple dur-
ing the "curing" period and formed an insulating layer. The thermo-
couples were removed and soldered on for the balance of the tests.
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The relatively large temperature difference observed wlth the
thermocouples soldered on was considered to be due to the lo-
cation of the thermocouples. Observations made during the temp-
erature-indicating paint tests (Section 4.4) showed a consid-
erable temperature gradient between the point on the header where
the die was mounted and the edges of the header.
Values of eJ-A and 8C-Awere computed for each device
from the mean values of TJ, TC, and TA. These calculated values
are presented on Page 3 of Table 4.3. Analysis of data indicated
that units #236 and #239 had a measurement error during the ex-
periment and these devices were not considered in determining the
final mean values (Mean "B" in Table 4.3). Also, since the stitch-
bonded device, unit #276, was physically different from the others
in that it dld- not have the drop of HT cement on the Junction sur-
face and header area, it was not considered in.calculating the
final mean values. The final mean value of 8C A, computed from
the calculated values of TC, was found to be 262°C/W. This value
was used for calculating 8J-A values for the temperature-indicat-
ing paint tests of Section 4.4.
4.3 Infrared Microscope Method
This experiment was performed at the Autonetics Division
of North American Aviation in Anaheim, California, where a Philco
Thermal Plotter infrared (I/R) microscope facility was made avail-
able to Motorola. Specifications for the Philco instrument used
are presented in the Appendix of this report.
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The procedure consisted of inserting an individual
device in the Motorola test fixture after it had been mechani-
cally modified and rigidly mounted on the viewing stage of the
I/R microscope. Adjustments were made to align the device so
that the mechanically indexed stage would permit scanning along
a selected path on the emitter metallization pattern. A "no
power" calibration run was made to set the horizontal axis scale
factor for an X-Y recorder that was used as the I/R radiation
readout device. Steady-state power of 250mW was applied to the
test device and the stage was indexed so that the entire die was
scanned. This run was necessary to determine the proper scale
to use for the vertical axis (I/R radiation units). Power was
removed and the vertical axis was calibrated with a standard cal-
ibrating voltage. The 250mW steady-state power was again applied
and an X-Y plot was made of the I/R radiation level versus position
on the die by mechanically scanning the die across the emitter pat-
tern. The power level was then raised to 500mW and the procedure
was repeated except for the device alignment step. Following the
completion of the 500mW radiation scan, the power level was raised
to 750mW and the procedure repeated once more. After the 750mW
power level scan was completed, the device was removed from the
test fixture, a new test device inserted, and the entire procedure
repeated. This same procedure was followed for all devices tested.
Originally, a power level of 1083mW was to be used; however,
Autonetics suggested that considerable difficulty would be en-
countered in running temperature calibration tests at such high
junction temperatures (_340°C), so this power level was not used.
Upon completion of the individual device radiation plots,
the temperature calibration procedure was started. The Motorola
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test fixture was removed from the viewing stage of the microscope
and a special metal fixture containing heating elements and an
iron-constantan thermocouple was installed on the stage. The top
plate of the fixture had three small holes to fit the lead con-
figuration of the TO-18 package of the 2N2222 and permitted the
header flange of each device to fit flat against the metal surface.
After one of the test devices had been inserted, the fixture was
oriented to permit scanning the same path that had been covered
during the I/R radiation tests. Four specific radiation levels
I were selected from each individual device radiation plot to be
used for temperature calibration. These four polnts represented
two points of maximum radiation (one located in middle of bas
metallization area) and two points of minlmum- radiation level (one
I located on silicon area between base and emitter metallization and
one in the center of the emitter wire bond) for a given fixed po-
wer dissipation. The center of the emitter wire bond was a mini-
mum because the raised surface of the bond was out of focus for
the I/R microscope which had been accurately focused on the base
i and emitter metallization. The temperature of the metal fixture
i was then raised by adjusting a Variac controlling the heating el-l ements until the I/R radiation level at one of the four selected
points was identical to that observed during the scanning of the
device with power applied. The temperature value (determined from
the iron-constantan thermocouple) was recorded. The entire die
I was then scanned and an X-Y plot made of the radiation levels atthe elevated temperature condition. This procedure was repeated
for the other three points and then the entire procedure was re-
peated for the other two power levels. The overall procedure de-
scribed above was followed for each of the test devices.
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The results of the temperature calibration tests were
very poor. The calculated junction temperature should have cor-
related with the observed temperatures at the emitter metalliza-
tion for a given device. For test unit #305, using eJ-A of
375°C/W (eJ-C of II3°C/W measured on tester HO-01 plus eC-A of
262°C/W determined from thermocouple method tests of Section 4.2)
the calculated junction temperatures were I19°C at 250mW, 213°C
at 500mW, and 306°C at 750mW. The temperatures determined from
the calibration tests were, respectively, 106 ° +I0°C, 98 ° +5°C
and 104 ° +I0°C. Similar results were obtained for the other test
devices. The basic cause for the poor results was attributed to
the difficulty in precise device alignment between the IR radia-
tion tests and the temperature calibration tests on a given de-
vice. Due to the nature of the test fixtures used, it was neces-
sary to change the devices from one fixture to the other to per-
form both tests and the alignment of the devices for scanning could
not be identical. Autonetics had been successful on previous tests
of other semiconductor devices (not in TO-18 packages) in getting
I good correlation (_I0°C) between calculated and observed tempera-
tures; however, the devices were scanned for I/R radiation level
I with power applied in the same special fixture used to perform the
temperature calibration test so that an individual device was never
i moved once the scanning path was established. For the 2N2222 tests
at the higher surface temperatures (>150°C), a special oil used by
Autonetics to insure good thermal contact between the metal fixture
I (for temperature calibration tests) and the header flange of the
tes_ device, reached the "smoke" point and caused some difficulty
I in focusing.
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4.4 Temperature-lndicatin_ Paint Method
The first investigation made during this series of
experiments was an evaluation of the Detecto-Temp temperature
indicating paint that had been selected for use. This paint
was manufactured and supplied by the H. V. Hardman Co.
The paint evaluation consisted of placing ten dots
of each of the sixteen types of paint selected in different
locations on a silicon wafer one inch in diameter. The wafer
surface contained the same aluminum metallization and geometric
pattern as wafers used in the production fabrication of the
2N2222 device. The paint types and specified colors and color-
change temperatures are shown in Table 4.4. An oven with pre-
cision temperature control (_I°C) was stabilized (monitored with
copper-constantan thermocouple and Honeywell Model 2733 Poten-
tiometer) at 40°C. This was 10°C below the specified color-change
temperature of the lowest temperature paint to be evaluated. Fol-
lowing stabilization, a small port in the top of the oven was
opened momentarily and the silicon wafer with the paint samples
on its surface was lowered into the chamber on a teflon wire
"sling" and the port was closed. The wafer remained in the oven
for five minutes and was removed. The colors were examined under
a i0 power microscope for any indication of color change. This
procedure was repeated in 5°C steps (except for the temperature
ranges for which no paint was being evaluated) up to the maximum
value of 350°C. The results of the evaluation are shown in Ta-_
ble 4.4.
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Although only six of the sixteen Detecto-Temp paint
types evaluated met the manufacturers specification, ten of
the types had color-change temperatures that were satisfactory
for use. In Table 4.4, where tw____otemperatures are shown in the
same column for the same paint (for example, paint type 915 -
902), a portion of the ten color dots changed at the lower temp-
erature and the remaining ones changed at the higher value.
The effect on _J-C of applying Detecto-Temp paint to
the junction surface of the 2N2222 device was also evaluated.
Three units (caps removed) were measured for eJ-C on tester HO-01,
The three devices were coated with Detecto-Temp paint. Unit #385
received a thin coating, unit #386 received a medium coating, and
unit #387 was given a thick coating. The devices were remeasured
on HO-01 immediately after the paint was applied and again after
the paint was thoroughly dry. The data, shown in Table 4.1 of
Section 4.2, indicated that the effect on eJ-C depended upon the
thickness of the applied coating. It was decided that all devices
would be remeasured on eJ-C after application of the paint so that
initial values of 0J-C would be correct. Since tester HO-01 ap-
plied only a i second power pulse, there would be no danger of
the paint color changing during remeasurement of eJ-C (see Section
4.1.3).
For the measurement of junction and header temperature
tests, the temperature-indicating paint was applied to the junction
and header areas as shown in Figure 6. The paint dots were ap-
plied in this manner under a i0 power microscope. Due to the quick
drying characteristic of the paint (ethyl alcohol vehicle), it was
very difficult to get uniform paint dots on all test devices. Some





DETECTO-TEMP PAINT DOT LAYOUT FOR POWER LEVEL TESTS
Figure 6
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The power levels calculated to raise the junction to
the color-change temperatures of the selected paint dots were
computed from the individual values of eJ-A for each device and
the measured ambient temperature° The value of SJ-A was obtain-
ed by adding 262°C/W, the mean value of SC-A determined from the
thermocouple method experiments of Section 4.1, to the measured
value of eJ-C. The calculated power level to raise the header to
the color-change temperature was computed from the value of SC-A,
262°C/W, and the ambient temperature.
For tests G01, G02, G03, K01, L01, and M01, (see Figure
i), the individual test devices were observed under a Spencer
10-40 power microscope while power was applied. The power level
was started at approximately 50% below the calculated value and
increased gradually in small steps until the desired color-change
was observed. The power was applied through the bench tester test
circuit and the temperature was allowed to stabilize for at least
two minutes at each power step° The power level at which the color
change occurred was recorded° The results are given in Tables 4.5
and 4.6. Comparisons between the calculated power levels and the
observed power levels required to reach specific junction and
header temperatures are shown in Table 4.8. The error for indi-
vidual devices showed considerable range with values from as low
as 0.47. to as high as 30.1%o The mean error for a given group of
devices with the same paint types varied between 5.5% and 20.1%,
while the overall mean error was 10.4% for junction temperature
power levels and 11.1% for header temperature power levels. Al-
though the individual errors were both positive and negative, al-
most 70% of the errors were in the positive direction. This would
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indicate that the calculated power level was generally greater
than the observed value. Since the value of SC-A used for the
calculated power levels was computed from data on devices that
had HT cement on their junctions (although all other conditions
were the same as on this experiment), the value of eC-A for de-
vices with only Detecto-Temp paint on their junctions may have
been somewhat higher. This would have reduced the power levels
of the calculated values. Also, some of the color changes were
not very pronounced, and the decision as to the power level at
which the change actually occurred was sometimes very difficult.
Generally, it was felt that this portion of the experiment was
only suitable for a good approximation of the power level require-
ed to reach a specific junction or header temperature and that it
was not adequate for verification of the absolute accuracy of the
thermal resistance measurements.
It was noted during the experiment that in many cases,
the color dot on the header would start changing color where the
paint was near the die at power levels from 5% to 25% lower than
the level required for the majority of the color dot to change.
This would indicate that a temperature gradient of from 5°C to 25°C
could exist between a point on the header very near the die and a
point on the edge of the header.
The last portion of the temperature-indicating paint
investigation method consisted of tests A01, B01, and C01 (see
Figure I). For this experiment, the thirty test devices chosen
were unwelded units. Their eJ-C values were measured on tester
HO-OI. Detecto-Temp paint was applied in the same manner as for
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the other experiments (see Figure 6). eJ-C was again measured
on tester HO-01 and the devices had their caps welded on in a
special welding procedure so that the units were not exposed to
any temperature greater than II0°C. After weld, the test devices
were again tested for eJ-C on tester HO-01. To these final values
of eJ-C, a eC-A value of II0°C/W was added to calculate the indi-
vidual device values of eJ-A. The value of eC-A (II0°C/W) was ob-
tained from the eC-A measurement tests of Section 5.3. This value
was for operation of a TO-18 case (cap on) in moving 100°C air.
Using the individual values of eJ-A, the power level required to
reach a temperature half way between the color-change temperatures
of the top and bottom color dots (Figure 6) was computed. The de-
vices were then placed in an oven with moving air at 100°C and the
calculated power applied to each device for a period of two minutes.
The devices were then removed from the oven, allowed to cool to
room ambient temperature, and their caps were removed. Each de-
vice was then examined carefully under a Spencer 10-40 power micro-
scope to determine what color changes had occurred. The results of
these three experiments are shown in Table 4.7.
For test A01, the calculated power levels were all cor-
rect in that all the top color dots (170°C) changed, and none of
the bottom color dots (180°C). This would mean that the calculated
power level gave the correct TJ of 175°C within +__5°C (_2.9%). The
power level applied was high enough (>182mW) on each device so that
the 120°C color dot on the header should have also changed. How-
ever, in no instance did it change. The only explanation was that
a higher temperature paint had mistakenly been applied to the head-
er (many of the paints used had similar colors at room temperature).
This was further indicated when the header dots on the other tests
changed as predicted.
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In test B01, eight of the nine devices tested showed
correct calculated power levels with the top color dots (230°C)
changing and the bottom dots (240°C) not changing. This indicat-
ed that the calculated power level gave the correct TJ of 235°C
within +_5°C (_2.1%). Neither the top nor the bottom dot changed
in the remaining device (unit #16) so no value could be placed on
the accuracy of the junction temperature reached. It could have
been anywhere from approximately 210°C (-8.7%) to 220°C (-0.4%).
The value of 210°C was calculated from eJ-C and the 572mW applied
(yielded ATJ from junction to case) added to the minimum header
temperature (TC) of 140°C. This m_nimum header temperature was
established because the header color dot (140°C) changed on all
nine devices.
For test C01, both the top color dots (330°C) and the
i bottom color dots (340°C) changed. This would indicate that theTJ values were at least 5°C greater t an predicted. Careful ex-
amination of the color dots indicated that although the bottom
dots had started changing, only one of the ten devices tested had
reached the full brown-gray color, indicating 340°C or greater.
The remaining dots were either brown and light gray or similar
shades, indicating that the junction had not quite reached 340°C.
Therefore, the calculated power level for nine of the ten devices
yielded TJ values of 335°C +__5°C (+--1.5%) and the remaining device
was >340°C. On the basis of the other nine devices being within
approximately I°C or 2°C of 340°C, judging from colors observed,
it is verylikely that the other device (unit #26) did not exceed
346°C (+3.0% from 335°C). The header dots (230°C) changed color
from green to light green and light brown. This indicated that the
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220°C level had been exceeded, but not the 225°C level. (see
Table 4.4 for Detecto-Temp paint type 915-908). For the power
levels applied (from 1025mW to 1090mW), the calculated case temp-
eratures were between 213°C and 220°C. Therefore, the case temp-
eratures were within 12°C (5.6%) or less of the predicted value.
The results of this last part of the temperature-indicat-
ing paint method experiments were suitably accurate so as to con-
stitute verification that the absolute measurement accuracy of 6J-C
is well within the program objective of _I0%_
4.5 Water Bath Method
The measurement procedure for the water bath method was
similar to that used in the thermoelectric cooler experiment de-
scribed in Section 3.1 (Table 3.4). The test device was immersed
in circulating deionized water at room ambient temperature with
two milliamperes of sense current applied through the circuit of
the bench tester. VBE was measured with a Hewlett-Packard Model
412-A VTVM and also observed on a Tektronix Model 561A CRO with
a Model 2A63 differential amplifier input unit. The case tempera-
ture (essentially the same as the water temperature with only sense
current flowing) was measured with a calibrated expanded scale
(.l°C/division) laboratory thermometer. 500mW of power was then
applied to test device and the change in the VBE (AVBE) was measured
on the CRO. Power was removed from the device (except for the 2mA
sense current) and VBE was allowed to return to its original value.
The temperature of the circulating water bath was then raised (using
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an electric hot plate) slowly until the change in VBE (AVBE)
measured on the VTVM and CRO was identical to that observed
with 500mWof power applied. The temperature of the hot water
bath was measured with the laboratory thermometer. The data
obtained from these series of measurements is shown in Table
4.9.
eJ-C was first calculated by dividing the ll3mV AVBE
value by the "K" factor, -I.83mV/°C (which converted AVBE to
ATJ), and by the power level of 0.5 watt. The value calculated
was 122.8°C/W. eJ-C was then calculated by subtracting the
ambient water temperature from the hot water temperature (which
yielded ATC = ATJ at "0" power) and dividing the difference by
the 0.5 watt power level. This value of eJ-C was found to be
124.8°C/W. These calculated values are presented in Table 4.10.
The percent error between the bench tester and the water bath
method was only 1.6%. Since the water bath method did not in-
volve any attachments to or modifications of the device under
test (such as removing cap, bonding thermocouples, applying paint,
etc.) and because the parameters involved (VBE at 2mA and water
temperature) were easily measured with a high degree of accuracy
(!ImV on VBE and !0.1°C on temperature), the technique was very
precise. Therefore, the 1.6% error observed between the bench
tester eJ-C and the value obtained by the water bath method was
verification that the absolute accuracy of the bench tester was
well within the !i0% objective of the program.
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4.6 Repeatability Verification
All of the transistors to be used in the JPL Accel-
erated Life Test Program (RFP No. 0541) will be measured for
thermal impedance prior to stress testing. The accuracy of
measurement required is !i0% and the repeatability must be +__5%
or better.
For this test group (E01) i00 units were randomly se-
lected from the 288 test devices and serialized 126 through 225
exclusively. The experiment was set up so that each device
would be measured consecutively on eJ-C using the Motorola HO-01
tester. Following the i00 consecutive unit readings denoted as
the first run, the procedure was repeated nine times so that ten
readings on each device would be obtained. This data is present-
ed in Table 4.11. Best results are obtained if the parameter
measured has values in the low, middle, and high portions of the
range of the population range of that parameter. It is observed
from Table 4._ that the minimum eJ-C was 96.5°C/W and the maxi-
mum value was 144°C/W, which represented a spread of 49.2% from
the lowest to highest value. This was excellent for determining
an accurate estimate of the repeatability of the tester.
To determine the variation among the various readings
and to provide an estimate of the repeatability of the thermal
impedance tester, the coefficient of variation was calculated on
each unit, using the following formula:
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C.V. = n
n 2 n 2







where the X. values are individual 0J-C measurements on a device
l
and n is the number of consecutive times each unit was measured.
The results are tabulated in Table 4.11 in the last col-
umn denoted by C.V. This data shows a maximum value of 2.188%
which was obtained on unit #139. The value of 121°C/W for 0J-C
measured on this unit the first time is in the middle of the range
of values obtained on 8J-C for the i00 units.
The average C.V. for the i00 units is 1.26%. We con-
clude from this experiment that the Motorola tester HO-01 meets
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l •
SPEC. REV. NO. PROJ. 1130 (JP_.
TABLE 4.5 (Cont'd) LOT NUMBER 544 (SLS-05) _
"Detecto-Temp" temperature sensitive paint used in GROUP R_Y 098 SUBGROL_ GO2 t_
determinin_ power levels required to change** paint colors at specific TJ level@.










































































































255 m--. 26,3 26.3
26.3225 26.3
230 --- 26.5 26.5
--- (1) ......
run pa: vated t,mperature.
I
DATE 12-27 1-5 1-19 1-19 1-19 1-19 1-19 1-19 1-19 1-19 1-19
STATION _0-01 Bench Bench Bench Bench Bench Bench 3ench Bench Bench Bench
INSP. Page
ST-_ 4-35
(*) @C °c/w for unwelded TO-18 case NAME
REMARK S air at 25 °C. T I TL E ,
(**) Color chan_es observed under microscope while power
ao'roMeL_ ro_. NO. SPO_OV, iS increased slowl OATE , .










TABLE 4.5 (Cont'd) LOT NUMSER 544 (SL3-05) :
"Detecto-Temp" temperature sensitive paint used in GROUPREY 098 suecao_ GO3 _ c
determining power levels required to change** paint colors at specific TJ levels. _";_.:
After Paint Top Paint Dot Bottom Paint Dot Paint Dot on
applied to on Die (Color on Die (Color Header (Color _-,







































































































(*_ 8C-A='262"c/w for unwelded _0-18 :ase in still
REMARKS ai_ at 25"C .... _ . -A.. -_ ...... wh_le
** a es obseLv©u u..,_, .._,-_,,o,_,,w _ p(_er( ) Color ch n8 .....











"Detecto-Temp" temperature sensitive paint used in
P AGE--.m.L. OF 3 ..
DEVICE TYPE 2N2222
SPEC. REV. NO. PRO,]'. 1130 (J'PL_)
LOT NUMBER Unwelded-544 (SIZ-OS)
GeXe REY 098 _BG_aP K01
determining power levels required to change** paint colors at specffi c TJ levels.
After Paint Top Paint Dot Bottom PalntDot














































































39 III 373 320 26.5 280 Die. 26,5










42 109 371 _ 320 26.5 280 Die







_-_5 1-20 1-20 1-20- 1-20 1-20 1-20 - 1-20 1-20. 1-20
, ,, ,,,,
i STATION HO-O1 Bench Bench Bench Bench Bench Bench Bench Bench Bench BenchINSP. ' Page ,.
mT_i, 4-37
(*) for unwelded TO-18 case in still NAME
REMARK S act at • _:i,_-(**) Color ch nges observed under mlcroseo_ while vower IS TM i
UOVOnO,.Ato...o, s,,o-.toT, increased slowly. -_- L DATE ' ' L
I#I(_'rOROLA IN(}. PAGE 2 OF _ .....
memn/-._tuotoe-
D/_Jo0_
THERMAL RESISTANCE DATA DEVICE TYPE 2N2222 !
.- SPEC. REV. NO. PROJ. 1130 (JP_
TABLE 4.6 (Cont'd) LOT N[94BER Unwelded-544(SL3-OS),,
"Detecto-Temp" temperature sensitive paint used in GROUP REY 098 SUBGROUP _01 "-_
de_ermini,ng power levels requlred t? change*.* paint colors at specific TJ levels.
























47 111 375 650




3) chan_es at 240°C)
Power i
Level




























































































I ii II III I
DATE 12-_F'l 1-5 1-21
55
STATION HO-O1 Bench Bench Bench Bench
I NSP. '.... Page
.TMWP 4- B
(*) eC-A_62 *c/w for Ummlded TO'18 ease in still
REMARKS air at 25°C. (**) Color changes observed under










P_._3___ or , 'i ,
THERMAL RESISTANCE DATA D£'VlCE_E 2N2222
SPEC. REV. NO. PRI'i.T_ ]]_;fl (.TPT,_I
TABLg 4.6 (tout'd) LOT NUMBER Unwelded-544 (Rl_-O5)
"Detecto-Temp" temperature sensitive paint used in e_uP RKY 098 su_ouP M01 i:








































700 (I) 525 at230 °C
610(2) 500 at!230"C :
675(1) 560 at230 °C
665(1) 56_ at
750 (1) 580 at230 °C
730(1) 580 at230 oQ
:675 (1) 540oat230 Q











































at abo_t 980 _;,
1-21 1-21 1-21




















l - (*) eC-A'--262°c/e for uneelded TO-18 case in stillREMARKSair at 25°0. (**) Color changes ob.se.rv d under
__ mlcroscoDe while power is Increaseo snowty.
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THERMAL RESISTANCE DATA D£VeCa tee 2N2222
_EC..EV. NO. PROJ. l_q fJPL)
TABLE 4.7 LOT _R Unwelded-544 (_L3-05)
"Detecto-Temp" temperature sensitive paint used in cmouP RIP/'098 suec4_ouPA0I _:
determining TJ by application of design poaer levels and observin_*paint color change9.
after paint









































































DATE 12-I 8 12- 27 I m21 I'22 I "22 I'22




I REMARKS (*) eC-A=II0*c/w for TO-18 case in movlng air












































"Detecto_Temp" Temperature Sensitive Paint Used in
_vlc_ mE 2N2222 ( :_
SPEC. REV. NO. PRO3. 1130 J-_-
LOT NUMBER Unwelded-544 (S_=-05)
6noueREY 098 sosca_ue B01 _
determinfn_ TJ
After Paint
























b7 application of de.sign power levels and Qbservin_*oaint evlo_ chnn_mq.
































































































RE)4A_S (*) eC-A=ll0°C/W for TO-18 Case in moving air at NAME
100 Co (**) Under microscope after 2 m£n. appl. of p_er TITLE
'DATE
MOTOROLA FORM NO. SPO*|070 & removal of cap,
,mm.
*m









pA_____L or _ .........
THERMAL RESISTANCE DATA OEVlCE TYPE
SPEC. REV. NO.
TABLE 4,7 (Conted) LOT NUMBER
'tDetecto-Temp" temperature sensitive paint used in GROUP R_Y 098 SUSGSOtP C01






























































































































DATE 12-18 12-27 1-21 1-22 - 1-22- 1-22
STATION _0-01 ltO-01 Bench Bench Bench Bench
INSP.
REMARKS (*) _-A:ll0"C/4 for TO-18 Case in moving air at
IO0*C. (**) Under microscope after 2 mln.













(CAIEUIATED DATA) OEVlCE 7_(
SPEC. REV. NO.
TABLE 4.8 LOT NUMBER
c_ouP RK"f 098 sueGRouP GO1











UN ! T of][












MEAN _ _ROR :
|































































to reach TJ and
Power req'd to




















































I N SP. Page"
STAMP 4-43
RIEMARKS *Based on OC-A of 2620c/w for unwelded TO-18 case
in st£11 air at 250C.





























TH_MAL IMPEDANCE PROGRAM p_ 2 OF ::'6
TEMPERATURE-INDICATING PAINT METHOD
(CALCULATED DATA) BEVlCEI_PE 2N2222
SPEC. REV. NO..PRO.T, 1130 (:JP_)
TABLE 4.8 (Cont'd) LOTNU_£R 544 (SL3-05) _?_







pm4er level and observed
Power reqtd to



















368 201 208 -3.5 255
205
-5.1378 195 '248
d to reach TJ and,
Power raq'd to _.



























































































THERMAL IMPEDANCE PROGRAM PAG£3--.._.----- OF _" ,..
T _PERATUR E- INDICATING PA II_T MEI_IOD
(CAICUIATED DATA) _vlcE mE 2N2222 _,!_i_!- .....
SPEC. REV. NO. PROJ. I130 (JPI_['
TABLE 4.8 (Conttd) LOT NUMBER 5_._ (.-,T.3-O_ _:
GroUP REY 098 sUSG_t_G03 "_;


















































































_33 360 -8.1 281 260 7_5
333 390 -17.1 281 310 -10,3




I N SP. Page
STAI_:' 4-45
R!_MARKS *Power levels 5 to 15_, lower nea_..._r die.










TI_dPERATURE- INDIC AT INC PA 11¢r MBI_OD
(CAICUIATBD DATA) DEVICEI_PE
SPEC. REV. NO.






Comparison of calculated power level and observed power level req's
Arablent
Temp.
































to reach TJ an_;l_l
Power _eq'd to

































































































DATE 1-20 1-20 _-20
STAT I ON i





REMARKS *Power levels 5 to 25% lower nea_._._rdie. TITLE _,
i
\ v L




Comparison of calcul ate d
THERMAL IMPEDANCE PROGRAM
TEMPERATURE-INDICATING PAINT METHOD
(CAlCUlATED DATA) _vwc[ T_E
SPEC. REV. NO.
TABLE 4.8 (Conttd) LOT NUMBER
GroUP REY
p_er level and observed power level req'd
PAGE' 5 OF 6
2N2222
PRO3. 1130 (JPLJ
















45 26=5 379 538
Power req'd to




























Power req'd to _



























1.5 575 560 2.651 54837226.2

































































I@ MOTOROLA INO.Semlconduc(_B.Png'_h _lom THERMAL IMPEDANGE PROGRAM
T_IPERATURE-LNDICATING PAINT METHOD
(CALCULATED DATA) _v0cE r_e
SPEC. REV. NO.



































power level and observed
Power req'd to







































to reach T3' and_2A_l
Power req'd to _ /
raise header to 230*C
Calc. 0bserv
Power Power Error
Leve 1 Level :
















62 26.4 363 836 730 12,7 864 805 777 5.4





















































_sc. ,Ev. NO. PRO_. 1130 (3PL_ ii
LOT NUMBER 531 _
GroUP REY 098 sJeC_0Up Wate_ Bath
Verification of Bench _T-C measurement accuracy by water bath method





























Test device immersed in circulating



























































SPEC REV NO PROJ. 1130 (3P_)
;_OT;;_;,_;;,_3_(_L3.-03).__ ,,,















Q3-C calculated by determining change £n water-bath
temperature req'd to produce same AVBE as bench tester.










DATE _ 2-6 1-24 1-24 1-24 1-24 ,
STATI ON Bench Bench Water N_tt_r Nater
INSP. _n_. ' '
ST_I P Bath _o_0: Bath Bath
N AME , : f
REMARKS TI TL E , , ,_ •









VCE = llo9V, IC = 42mA
READOUT (°C/W) C.V.
SERIAL



























iii 113 115 114 114 117 113 112 113 112
112 109 115 iii 112 109 109 108 107 112
106 106 105 105 103 107 104 105 103 105
117 116 117 117 116 117 116 116 115 118
112 Iii 112 116 iii 112 iii 112 113 ii0
114 114 113 114 114 III 112 ii0 ii0 114
135 134 135 133 133 133 133 131 135 130
115 114 117 113 118 116 114 112 113 114
119 117 120 120 116 119 117 119 117 118
112 113 114 iii 114 113 114 113 112 112
121 122 122 123 122 123 123 122 123 123
112 ii0 112 113 113 112 109 ii0 ii0 112
120 117 117 119 115 116 117 117 117 116
121 114 113 115 115 112 113 114 113 114
iii 107 109 109 108 107 107 107 109 108
118 115 113 113 114 112 113 113 113 112
124 127 125 127 126 125 125 124 123 126
142 142 143 143 140 142 143 142 142 144
114 115 117 116 115 115 116 117 115 118
121 119 121 122 121 118 119 120 118 121
112 113 112 112 iii 113 iii 112 112 113
113 112 109 iii Iii ii0 113 iii ii0 109
122 122 122 119 121 120 121 120 122 119
118 117 115 115 114 115 113 112 114 119
































VCE = II.9V, IC = 42mA
SERIAL READOUT (°C/W) C.V.
NOo
i 2 3 4 5 6 7 8 9 I0 %
117 117 116 115 118 114 116 116 115 115
iii Iii 112 113 114 113 iii 112 ii0 Iii
112 114 ii0 Iii i09 109 107 11n_v 11n_v 11n_v
iii 108 112 109 iii ii0 108 107 109 108
109 IIi 109 III 109 ii0 109 108 108 109
114 114 114 114 113 113 112 iii II0 ii0
108 109 108 108 107 109 106 108 108 107
113 iii 112 II0 Iii 112 ii0 Iii 109 108
120 121 120 121 124 124 122 120 120 120
118 116 120 118 116 117 115 116 116 116
113 116 113 114 112 112 113 _iiI ii0 112
119 115 115 113 116 114 115 114 116 114
128 129 126 130 127 126 128 127 126 125
i00 i01 102 103 I00 104 I01 102 I01 i01
120 117 118 121 119 119 119 118 118 117
116 117 112 115 115 114 113 113 112 112
Iii 113 113 113 112 ii0 109 Iii 112 ii0
122 118 120 118 120 120 116 117 117 121
123 119 118 119 119 118 118 118 117 117
122 123 121 123 122 121 123 123 123 123
ii0 II0 iii 112 108 108 112 iii iii ii0
122 118 118 119 117 117 121 120 119 119
iii 112 ii0 113 114 114 113 113 112 113
112 iii 113 112 iii 109 109 109 ii0 ii0





























































VCE = II°9V, IC = 42mA
SERIAL READOUT (°C/W) CoV.
NO.



























120 120 117 119 118 120 117 118 119 120
117 1]g !]9 118 119 121 118 117 119 119
125 123 125 123 126 125 122 124 124 125
125 126 122 122 123 121 121 123 122 121
112 109 ii0 ii0 ii0 iii iii Ii0 'ii0 109
112 114 114 113 IIi 112 112 112 iii 112
118 122 118 120 117 116 117 121 118 119
Jill 107 109 iii 108 109 107 108 109 109
117 115 115 117 115 117 114 115 116 117
ii0 108 iii 109 106 105 108 108 108 106
108 Iii iii 109 108 ii0 109 108 107 107
118 120 120 118 115 117 116 118 120 119
108 112 108 !09 108 107 109 108 108 Ii0
118 118 119 116 116 118 117 117 116 118
109 112 109 109 109 113 Ii0 109 109 112
117 116 114 116 116 116 115 115 114 114
112 113 114 112 112 113 113 iii iii 112
115 113 Iii 113 114 112 113 iii 112 112
119 120 119 118 116 118 120 118 117 119
119 123 124 122 121 119 121 120 123 121
ii0 ii0 113 ii0 ii0 ii0 ii0 109 108 109
114 113 Iii 115 113 112 Iii II0 112 114
Iii 113 114 113 112 114 112 112 112 113
116 117 114 115 115 115 117 113 115 117





























































I 2 3 4 5 6 7 '8 9 I0 7o
113 112 iii IIi 113 113 Ii0 112 113 115
119 120 118 121 120 117 118 117 117 11_,
106 ii0 108 105 107 107 105 107 108 108
120 120 118 120 119 119 119 119 117 118
115 116 117 118 116 115 114 114 113 113
122 121 118 118 121 118 116 120 123 123
112 112 112 114 116 Iii 116 114 114 113
ii0 112 iii 109 109 114 114 112 112 109
iii 117 113 112 ii0 112 113 ii0 II0 Ii0
Ii0 112 ii0 ii0 109 107 108 108 108 II0
125 126 125 126 128 125 127 124 125 125
114 112 112 iii 112 113 112 li0 115 ii0
120 123 123 119 121 123 122 123 123 123
116 113 116 115 112 114 112 113 113 116
iii ii0 iii 112 112 112 ii0 Ii0 Ii0 ii0
97.1 I00 i00 98.4 97.8 98.2 96.5 98.0 96.6 96.5
127 122 125 123 125 121 120 123 124 123
109 106 107 105 106 108 106 105 105 105
112 116 112 112 113 114 113 113 115 112
109 IIi 112 114 113 112 113 112 113 ii0
126 126 126 126 123 126 124 123 123 125
117 114 116 115 113 114 115 113 114 114
116 117 116 118 116 117 118 120 118 117
112 114 IIi 116 112 113 112 112 112 112









































5.0 PHASE III TESTS - MEASUREMENT OF 9J-A
5.1 Test Design and Modifications of Original Test Program
Due to problems or circumstances not contemplated at
the time the Motorola proposal was submitted, several modifica-
tions of the original test program were necessary. In no case
was the scope, intent, or effort on the program reduced.
5.1.1 Measurement of _C-A
Due to instrumentation problems and handling diffi-
culties associated with 3 mil copper-constantan thermocouples
bonded to the cases of the 2N2222 devices, the original sample
size was reduced from 25 to 6. Multiple readouts were made to
compensate for the smaller sample. The power levels used were
modified from the proposed 250-500-833mW to 500_662-778mW to per-
mit the case temperature verification tests (Section 5.5) to be
performed with available types of Detecto-Temp temperature-indi-
cating paint. The thermocouples were bonded to the index tab of
the header flange for solid bonding properties rather than to
points determined by prior experimentation. The test program was
expanded to include _C-A measurements in still ambient air, in
moving ambient air, and in 125°C moving air, as well as the pro-
posed 100°C moving air test.
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5.1.2 Measurement of Maximum Junction Temperature
Since the devices for this test were identical to
those used for 0C-A measurements, the problems and program
changes described in Section 5.1.1 above also apply. In ad-
dition, the forward voltage drop of the base-emitter diode
(VBE) was measured at a current of 2.0mA rather than the origi-
nally proposed 100_A to permit working in a more linear (and
thus repeatable) portion of the diode forward characteristic.
5.2 Method used for Determinin_ 8J-A
Since the path of flow for the heat dissipated in a
transistor junction is through the series path consisting of
the eJ-C and eC-A of the device, the total thermal resistance
between junction and ambient (0J-A) must be the sum of 8J-C and
eC-A. Expressed mathematically,
eJ-A = eJ-C + 0C-A (i)
A method for accurately measuring 0J-C for individual
transistors was developed during Phase I tests (see Section 3.1).
Therefore, if an accurate method of measuring 0C-A were to be
developed, 0J-A could be calculated from equation (i).
0C-A is defined by equation (2) below and is essential-
ly a function of the package and ambient air conditions. It is
the same for all transistors mounted in the same package under












Since the proposed JPL Accelerated Life Test Program
testing is to be performed in forced air (horizontal flow) ovens
at +I00°C, the value of 8C-A for the TO-18 package (used for
2N2222) was determined under these particular conditions. It
was also determined for still ambient air, moving ambient air,




where TC = Case Temperature
TA = Ambient Temperature
P = Power Dissipation
(2)
The actual value of eC-A was found by accurately meas-
uring TC, TA, and P, and calculating eC-A using equation (2).
The measurement technique used for determining eC-A is described
in the next section.
5.3 Measurement of eC-A
To perform the eC-A measurements, an oven with socket
configurations and air flow characteristics similar to the type
that would be used on the proposed JPL Accelerated Life Test Pro-
gram was fabricated. Six Motorola 2N2222 devices (from production
lot 544), selected on the basis of their original eJ-C values, had
3 mil copper-constantan thermocouples bonded (Eastman 910 cement)
to the transistor case (TO-18) at the point where the index tab
extended from the welding flange. The devices were retested for
gJ-C on tester HO-01. No significant change in eC-A resulted




















Initial testing was performed on three units in still
ambient air at the 500mW power level. The case temperature was
measured with the 3 mil thermocouples on a Honeywell Model 2733
potentiometer. Room ambient temperature was read on an expanded
scale (.l°C/division) laboratory thermometer. The change in VBE
was measured on the bench tester using the Tektronix CRO.
The three devices were loaded into the test sockets in
the oven and the thermocouple leads brought out for connection
to the potentiometer. The oven blower was turned on but the heat-
ing elements were left off and measurements were made of TC and
AVBE with 500mW applied in moving ambient air. The oven was sta-
bilized at +I00°C (monitored by another copper-constantan thermo-
couple located inside the oven). Power (500mW) was applied to
the devices through the bench tester circuit so that the power
level could be accurately measured and the value of AVBE deter-
mined. The thermocouple attached to the case of the transistor
under test was monitored until the TC reading had stabilized. This
value of case temperature and power level, together with the 100°C
ambient temperature, was used to calculate 0C-A for the 100°C mov-
ing air condition.
Following these initial experiments with three devices,
all six units were measured in still ambient air and moving ambient
air at the 500mW power level. The six test devices then had sev-
eral dots of Detecto-Temp temperature-indicating paint applied to
selected points on the outside of the case for the case temperature
measurement verification test (see Section 5.5). The devices were
then tested in 100=C moving air at the 500mW, 662mW, and 778mW power
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levels. Following operation at each power level, starting with
the 500mW level, the oven door was opened briefly for visual
examination of the temperature-indicating paint dots.
The initial data taken on the _C-A measurement experi-
ments is presented on Pages i through 3 of Table 5.1. The cal-
culated case temperature values and comparisons with measured
values are shown on the first page of Tables 5.2 through 5.6.
Since the measured TC values generally ran lower than the cal-
culated values, it was decided that the Eastman 910 cement used
to bond the thermocouples to the cases had provided an insulat-
ing layer under the thermocouple on some devices. This same pro-
blem had been experienced in the "Thermocouple Method" tests de-
scribed in Section 4.2. Accordingly, the bonded thermocouples
were removed and then soldered to the index tab. The still ambient
air test was repeated on four devices and the moving ambient air
tests were repeated on all devices. It was intended that the IO0°C
moving air test be repeated. However, due to switching from a
thermocouple with an ice bath reference to one with a room refer-
ence for monitoring the oven temperature, the oven temperature was
mistakenly set to 100_C rather than 75°C above room ambient. This
raised the oven temperature to approximately 125°C, so the data
taken was for 125°C moving air rather than the 100°C. An additional
test of all six units was made, however, to repeat the 100°C mov-
ing air condition. The data taken on the tests repeated with
soldered thermocouples is shown on Pages 4 through 6 of Table 5.1.
The calculated case temperatures and comparisons with measured
values are shown on Page 2 of Tables 5.2 through 5.4 and on Pagell















It was observed that the data obtained with the solder-
ed thermocouples still had considerable variation between measur-
ed case temperature values for all devices at a given power level
and ambient air condition. This was also true between measured
and calculated values for individual devices. A series of tests
were then performed to determine if soldering the thermocouples
to the cases had damaged the devices or the thermocouples, or if
the operation in 125 ° moving air at 778mW had caused damage. Wa-
ter bath "K" factor measurements were performed (Page 7 of Table
5.1) and the calculated values for "K" (Page i of Table 5.10) in-
dicated that the temperature coefficient was approximately -I.6mW/°C
rather than the -I.84mV/°C used in calculating case temperature.
However, when the test was repeated (Page 8 of Table 5.1) with the
water bath temperatures measured using a different copper-constan-
tan thermocouple, the temperature coefficient appeared to be about
normal (Page i of Table 5.10). A comparison test was then made be-
tween the temperature readings of the soldered 3 mil thermocouples
on four of the test devices and a Standards Lab copper-constantan
thermocouple with an ice bath reference junction. Measurements
were made in still ambient air, room ambient water, and hot water.
At the same time, an unsoldered 3 mil copper-constantan thermo-
couple of the same type as those soldered to the cases and a stan-
dard glass laboratory thermometer were tested for apparent temp-
erature accuracy. The data taken is shown on Page 7 of Table 5.1.
The percentage deviations of the thermocouples and thermometer from
the Standards Lab "Reference" thermocouple are shown on Page i of
Table 5.10. The apparent deviations between thermocouples were
very significant (up to 14%) at room temperatures but were insig-
nificant (less than 1%) at the higher temperatures. Another water
bath "K" factor test was performed (Page 8, Table 5.1) with test
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unit #373 using both the 3 mil thermocouple soldered to the case
and the "Reference" thermocouple from the Standards Lab. The
calculated data for the soldered thermocouple yielded a tempera-
ture coefficient 8.2% lower than the "Reference" thermocouple
(Page 2 of Table 5.10).
At this point, all 3 mil thermocouples were unsoldered
from the test units, cleaned thoroughly, examined under a 10-40
power microscope, and then resoldered to the test devices (except
for unit #375 - the 3 mil thermocouple broke during the unsolder-
ing operation). The thermocouples and the attached test units
were individually calibrated by the Motorola Quality Control Temp-
erature Standards Laboratory. A copy of one of the calibration
curves is shown in Figure 7. The five test devices with newly
soldered and calibrated thermocouples were again measured for "K"
factor by the water bath method and compared with the "Reference"
thermocouple (Page 9, Table 5.1). The results (Page 2, Table 5.10)
were essentially the same as before with the soldered thermocouples
yielding "K" factors about 6.5% lower than those computed from the
"Reference" thermocouple. The "Reference" thermocouple was then
sent to the Temperature Standards Lab for an accuracy check and
found to be within acceptable limits (better than _.05°C at 25°C).
The reason for the lower "K" factor values when using the soldered
thermocouples had not been determined at the time the program was
completed.
Since the series of measurements with thermocouples did
not resolve the differences seen in the calculated "K" factor
values (to possibly explain variations seen in calculated TC), the
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the devices were remeasured on eJ-C using the bench tester and
water bath technique developed during Phase I tests (Page 9,
Table 5.1). The new value of eJ-C was compared with the value
obtained on tester HO-01 prior to the start of Phase II and III
tests (Page i, Table 5.10). The correlation with original values
of eJ-C was very good with a mean difference of 2.0% and maximum
deviation of only 4.8%. This indicated that the "K" factor value
of -I.84mW/°C was still valid for the test units and that they
had not been damaged by soldering on the thermocouples or by op-
erating in 125°C moving air at 778mW. The five remaining test
units were measured again (Page i0, Table 5.1) in still ambient
air with values of AVBE and TC determined at the 500mW power level.
The calculated values of TC and comparisons with measured values
are shown on Page 2 of Table 5.2. The 100°C moving air test was
also performed one additional time (Page ii, Table 5.1) at the
500mW, 662mW, and 778mW power levels to verify results obtained
previously. The calculated values of TC and comparisons with
measured values are shown on Page 2 of Table 5.4 (500mW level),
Page I of Table 5.5 (662mW level), and Page i of Table 5.6 (778mW
level).
The results of measurements made in still ambient air
were very satisfactory. The difference between measured and cal-
culated TC on individual readouts varied between 0.6% and 16.4%,
while the mean difference for individual devices ranged from 5.0%
to 7.9% with an overall mean difference of 6.5%. The mean dif-
ference between calculated and measured values of eC-A for indi-
vidual units varied from 2.3% to 7.7% with an overall mean dif-
ference of 5.3%. The mean value of measured eC-A was 205.3°C/W
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compared to 204.70C/W for the calculated value. An error of
10% in eC-A would correspond to an error in TJ of 5.6% (_I0°C)
for a device with a eJ-C of II0°C/W operating at 500mWin still
ambient air (TJ nominally 183°C).
The results of measurements made in moving ambient
air were also very good. The difference between measured and
calculated TC on individual readouts varied between 0.2% and
23.3% while the mean difference for individual devices ranged
from 3.8% to 15.6% with an overall mean difference of 8.8%. The
mean difference between calculated and measured values of eC-A
for individual units varied from 2.3% to 21.8% with an overall
mean difference of 8.6%. The mean value of measured eC-A was
II4.0°C/W compared to 122.0°C/W for the calculated value (7% max.
difference). An error of 10% in eC-A would correspond to an er-
ror in TJ of 4.3% (_6°C) for a device with a eJ-C of llOOC/W op-
erating at 500mWin moving ambient air (TJ nominally 1390C).
The results of measurements made in IO0°C moving air
were good at all three power levels. At 500mW, the difference
between measured and calculated TC on individual readouts varied
between 0.1% and 16.7%, while the mean difference for individual
devices ranged from 2.6% to 8.9% with an overall mean difference
of 5.3%. The mean difference between calculated and measured
values of eC-A for individual units varied from 6.1% to 19.7%
with an overall mean difference of 12.9%. The mean value of
measured eC-A was 94.1°C/W compared to I06.20C/W for the calcu-
lated value (12.9% max. difference). An error of 10% in eC-A
would correspond to an error in TJ of 2.4% (_50C) for a device
with a eJ-C of II0°C/W operating at 500mWin 100=C moving air
5-10
(TJ nominally 205°C). At 662mW, the difference between measured
and calculated TC on individual readouts varied between 0.4% and
15.4% while the mean difference for individual devices ranged from
6.4% to 12.7% with an overall mean difference of 9.4%. The mean
difference between calculated and measured values of eC-A for in-
dividual units varied from 2.3% to 14.3% with an overall mean dif-
ference of 8.9%. The mean value of measured eC-A was 95.9°C/W
compared to 104.1°C/W for the calculated value (8.6% max. difference).
An error of 10% in eC-A would correspond to an error in TJ of 2.8%
(_7°C) for a device with a eJ-C of II0°C/W operating at 662mW in
100°C moving air (TJ nominally 239°C). At 778mW, the difference
between measured and calculated TC on individual readouts varied
between 0.2% and 20.5% while the mean difference for individual de-
vices ranged from 0.2% to 15.8% with an overall mean difference of
8.2%. The mean difference between calculated and measured values
of eC-A for individual units varied from 5.3% to 18.3% with an
overall mean difference of 10.3%. The mean value of measured eC-A
was I04.5°C/W compared to I13.9°C/W for the calculated value (9.0%
max. difference). An error of 10% in eC-A would correspond to an
error in TJ of 3.1% (_9°C) for a device with a eJ-C of II0°C/W op-
erating at 778mW in 100°C moving air (TJ nominally 271°C).
The results of measurements made in 125°C moving air
were also very good at all three power levels. At 500mW, the dif-
ference between measured and calculated TC on individual devices
varied from 0.7% to 2.4% with an overall mean difference of 1.7%.
The mean difference between calculated and measured values of eC-A
for individual units varied from 2.3% to 7.3% with an overall mean
difference of 5.2%. The mean value of measured eC-A was I18.2°C/W
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compared to I16.5°C/W for the calculated value (1.5% max. dif-
ference). An error of 10% in BC-A would correspond to an error
in TJ of 2.5% (_6°C) for a device with a BJ-C of IIOOC/W operat-
ing at 500mW in 125°C moving air (TJ nominally 2390C). At 662mW,
the difference between measured and calculated TC on individual
devices varied from 0.5% to 5.1% with an overall mean difference
of 2.7%. The mean difference between calculated and measured
values of BC-A for individual units varied from 5.2% to 13.7% with
an overall mean difference of 9.9%. The mean value of measured
BC-A was I16.6°C/W compared to I09.2°C/W for the calculated value
(6.8% max. difference). An error of 10% in BC-A would correspond
to an error in TJ of 2.8% (_8°C) for a device with a BJ-C of
IIO°C/W operating at 662mW in 1250C moving air (TJ nominally 273°C).
At 778mW, the difference between measured and calculated TC on in-
dividual devices varied from 0.4% to 4.5% with an overall mean dif-
ference of 2.3%. The mean difference between calculated and meas-
ured values of BC-A for individual units varied from 1.0% to 11.0%
with an overall mean difference of 5.5%. The mean value of meas-
ured BC-A was 120.9°C/W compared to I16.40C/W for the calculated
value (3.9% max. difference). An error of 10% in BC-A would cor-
respond to an error in TJ of 3.1% (_90C) for a device with a BJ-C
of II0°C/W operating at 778mW in 125°C moving air (TJ nominally
303°C).
The overall mean value of calculated 9C-A for all three
power levels and for both 100°C and 1250C moving air was found to
be III.3°C/W. A nominal value of II0=C/W for BC-A was selected
for use in calculating power levels for the 100=C moving air ex-
periments with temperature-indicating paint (see Section 4.4, Ex-













for use on the proposed JPL Accelerated Life Test Program (see
Section 6.2). The mean value computed from the calculated
values of 0C-A was selected in preference to that computed from
the measured values because the accuracy of the calculated values
was more firmly established from the Phase II tests (Section 4.0).
Also, thermocouple bonding problems had been experienced and the
validity of measuring the true case temperature on the index tab _
of the welding flange was somewhat questionable, which added sup-
port to the decision to use the calculated values.
5.4 Measurement of Maximum Junction Temperature
This series of experiments was so closely associated
with the measurement of 0C-A (Section 5.3) that the tests were
performed simultaneously. The test procedure described in detail
in Section 5.3 will suffice for the maximum TJ test program with
the added notation that all the references made to the measure-
ment of AVBE pertain specifically to the maximum TJ experiments.
By applying power to the devices in this test through
the bench tester, the circuitry permitted the power to each in-
dividual transistor to be switched off and a 2.0mA forward bias
(sense) current to be automatically applied through the emitter-
base diode. The value of the forward voltage drop across the emit-
ter-base diode (VBE) within approximately l_sec from the time pow-
er was removed was observed on a calibrated Tektronix CRO. By
using the measured ambient temperature (TA) and the "K" factor of
-I.84mV/°C (which had been determined specifically for the Motorola
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2N2222 during Phase I tests), the change (AVBE) in the value of
VBE between a "no power" and "power" condition was converted di-
AVBE_ The ob-rectly to maximum junction temperature (TJ = TA + K J "
served values for AVBE and TA for these experiments are shown in
Table 5.1. The calculated values of maximum junction temperature
(T J) are shown in Tables 5.2 through 5.9.
In summary, the values of maximum junction temperatures
ranged from 171.6°C to 197.2°C for 500mWoperation in still ambient
air, from 141.0°C to 144.2°C for 500mWoperation in moving ambient
air, from 201.2°C to 213.2°C for 500mWoperation in 100°C moving
air, from 239.5°C to 243.9°C for 662mWoperation in moving air, from
272.5°C to 282.5°C for 778mWoperation in 100°C moving air, from
234.6°C to 243.4°C for 500mWoperation in 125°C moving air, from
266.7°C to 279.7°C for 662mWoperation in 125°C moving air, and
from 297.4°C to 313.0°C for 778mWoperation in 125°C moving air.
The specific value for TJ for each readout on an individual device
was used in calculating the TC value used in the eC-A computations
of Section 5.3 (TC = TJ - 0J-C X P).
SJ-A values were also calculated and are included in
TJ - TA
Tables 5.2 through 5.9. eJ-A was calculated from eJ-A -- PowerCP) _
AVBE
KXP"
5.5 Verification of Case Temperature Measurements
To lend credence to the case temperature values de-
termined by the experiments in Section 5.3 (Measurement of 0C-A),
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several color dots of Detecto-Temp temperature-lndicating paint
were applied to selected points on the outside of the cases of
the six test units just prior to their operation in an oven with
100°C moving air. The physical layout of the color dots and
their color-change temperatures are shown in Figure 8. Follow-
ing operation at each power level (500mW, 662mW, and 778mW), the
oven door was opened briefly and the paint dots examined for color
changes. The observed color changes are presented on Page I of
Table 5.11. The measured and calculated case temperatures were
then compared with the observed paint dot color changes. The re-
suits of these comparisons are shown on Page 2 of Table 5.11. Only
one of the fifteen measured case temperatureswas verified, but
seventeen of the eighteen calculated TC values were verified. This
gave additional support to the previous decision that the calculated
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THERMAL RESISTANCE DATA BEVlCE T_E 2N2222
i ll|SPEC. REV. NO. PRf,.)J. 11.50 (,.TP
TABLE 5.1 LOT NUMBER 544 (SL_-O5) :_
smm REY 098 _BGAOUP DO1 _


















































DATE 12-10 12-10 12-10 12-13 12-13













REMARKS IC:40mA, VCg=12,Svolts, l.sense=2, O_ on all IIAUE

















Test for measurin_ OC-A with
4th Readout
Moving Air at 100*C
UNI T






















PAGE 2_ OF _
OEVICE TYPE 2N2222 _!_
SPEC. REV. NO. PRO3. 113Q (JPL_
LOT NUMBER 54_ _:_T_*-05)
G.OU_Ey 098 _uP no1
bonded* to case_ :





573 .......... 202 25.2 71.8 310
































































_EC. REV. NO. PRO3, 1130 (JPL)
LOT NUMBER 544 (SLY-05)
RIP/' 098 su_ DO1 :
Test for measuriu_ OC-A with 3 nil copper-constantan thermoco_ple bonded* to ca$¢.
7th Readout-500mw 8th Readout-662mw
Moving Air at 100°C Movlng Air at 100"C
5 nil thermocouple bonded to case 3 roll thermocouple bonded
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Bench Bench Bench Bench
Page
5-19STAMP , i
REMARKS IC:40mA, VCE=I2.SV, I sense:2,0mA on all readouts. NMME
_=) Bonded to index tab on flange with Eastman 910 eem_nt.T*VL[ ,
.evo,,o,.M FO,," ,0. S,'O-,07* OAT[
°C eC




























GROUPREY098 SUSG_Ue D01 _,
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DATE 1-10 1-10 1-10 1-10
STATION Bench Bench Bench Bench
, I NSP. Page
ST.AMP 5 -ZU
REMARKS IC=4OmA, VCE=12*SV, ][ sense=2'0mA on all readouts.











PAG[ 5 OF 11
DEVICE "rW'E 2N2222
SPEC. REV. NO. PI_O$, 1130 (JPL)
LOT NUMBER 544 (SL5-05) i ' "
GRouPRK_ 098 SUBGROUP DO1
Test for measuring 8C-A with 3 mll copper-constantan thermoco,uple soldered to case.
12th Readout-5OOmw -| 13th Readout-662mw
























































124.7 (1) 277 331
124.9 182.5 282 545
,le brok trlng teoff d 3t.
i |
DATE I-I0 I-I0 1-I0 1 -I0 1-10 1-10 1-10 I-I0
STATION Bench Bench Bench Bench Bench Bench Bench Bench





All power levels are applied with VCE=I2,SV andREMARKS
I sense=2.0mA.
























6 11PAGE-- 0 F
DEVlCE mE 2N2222
SPEC. REVo NO. PRO3. 1130 (#PL)
LOT NUMBER 544 (SI_-05)
Ggop RIPt 098 SUBGROUPDO1 _
, ii
|

































soldered to case. _._
17th Readout-500u_._




























__ -..... 210 102.1 154,4
i
i
DATE 1-12 1-12 1-12 1-12 1-12 1-12

























Gn0UP REY 098 sueGnOLm ]901 :_._
Test for measuring OC_A with 3 roll copper-constantan thermocouple soldered to case._*! _
18th Readout-Water Bath
.3 m£1 copper-constantan



















































23,4 ,602 86.4 ,708 24.2 .608 82.4 22.64 _ 81.52





24.1 .601.598 90.8 21.87 81.29
23.9 .588 93.1 ............ 21.87 _1.29
i
23.9 .588 90.6 ...............






opper-c )nstant; n therm _ouple ......... 21.87 81.29
i































REMARKS (1) Standards Lab thermocouple used to measure
water bath temperatures.
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THERMAL RESISTANCE DATA
TABLE 9.1 (Cont'd)
_EvI cE T_Pr 2N2222
s_Ec. nEv. NO. PROJ, 1130 (JPL)
LOT _R 544 (gL3--05)
G.ou_ REY 098 sueGmuP DO1 _,
Test for measuring BC-A with 3 rail copper-constantan thermocouple soldered to case._:_
2181; Readou$ _",•
(I) (:2) (1) 1.2)
q{ot
Water
UN I T Volts "C Volts °C ;G "
MINIMUM
MAX I MUM








































DATE 1 -17 1-17 1-17 1-17 1-17
STATION Bench _onch Bench Bench Bench






REMARKS TITLE ' V







PAGE_ • OF | 1
DEVICE "neE 21',12222
,
SeEC.REV.NO.... PRO,)'. 1130 (,,TPL')
LOT NUMBER 544 (SL3-05) i'-
_;
GROUP REY 098 sUSGmX_ D01;:I































































.59122.2 23.8 22_710888.3 84.9
22.7 25.0 .590 87.3 86.0 107 22,7 25,0
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!_ MOTOROLA INO. PAGE 10 OF 11Semlcor_luc@orWb_#_B4_e _lwlf#_mct
THERMAL RESISTANCE DATA DEVICE TYPE 2N2222
I , SPEC. REV. NO. PROJ. 1130 ('JPL)LOT NUMBER 544 (SL5-05) _
TABLE 5.1 (Cont'd) i
GROUP REY 098 _SGSOUP D01
Test for measuring 8C-A with 3 rail copper-constantan thermocouple soldered to case._-












UN I T mY °C °C
MINIMUM
MAX I MUM




376 291 26.75 138.3




Standards Lab ( onstant_ in therm4 >couple (with i, :e bath(1) referen :e junct




DATE 1-22 1-22 1-22


















Test 'for measuring 0C-A with 3 rail
P AGE 11
THERMAL RESISTANCE DATA DEVICE TYPE 2N2222
sPEc. REV. NO. P_nT. 11_n (.TpT_
TABLE 5,1 (Cont'd) tOT NURSER 544 (SI_-05) _
GROUP REY 098 SUSG_ D01 _
copper-constantan thermocouple soldered to case;__%
oF-/L--
25th Readout-500mw












































































































PA_ 1-- " OF 3;
DEVlCE 7_PE 2N2222 _:
SPEC. REV. NO. PRO3, 1150 (JPL)
LOT NUMBER 544 (SL5-05) ; ......
GROUPR.EY 098 SUBGROUP DO1
Calculated values of TJ & TC plus comparison of calculated and measured values of T_CI)_












Calc. Cale. Heas. Calc. Cale. Meas.





°c/w °C °C °C °C °C °C oC OC _ PC











































376 117 164.3 105.6 105.3 164.2 103.7 105.2 .........
/k%M-C -I. 6 -I. 5 ---
377 113 169.5 102.8 112.5 188.4 117.3 131.4 .........































PAGE 2- OF, j
DEVICE TYPE 2N2222
SPEC. REV. NO. PROJ, 1130 _JP_
TABLE 5.2 (Cont'd) LOT NUMBER 544 (SL3-05) -__'_. ,
GROUP REY 098 SUBGROUP _1 _"



































375 ......... 192.2 132.4 134.7 .........









377 192.0 147.5 135.0 ......... 180.9 126.5 124.4






















STAT I ON Bench Bench
IN SP. Page_




















I _ MOTOROLA INO.
_1_ Semic_u_t_or
I
PAGE ''_ OF '_
DEVICE TYPE 2N2222
SPEC. REV. NO. PRO3. 1150 (JPL)
LOT NUMBER 544 (SL5-05)
: TABLE 5.2 (Cont'd)
GRou, _EY 098 SUBGROUP. D01
Computation of 8J-A aqd 8G-A values for 500row operation in still ambient air. _
1
Mean values for individual units. From From From From % between!
s/N TJ




























































































_EC. REV. _. Pro_. 1130 (JPL)
-I
LOT NUMBER 544 (5L 3-05) _:
GROUPREY 098 SUBGROUP DO1
i1•
m,,,























































377 113 72.7 80.6 135.7 66.2 78.7





































































GROUP SUOGROUP (1-:'::)_: •i





















































































































in moving ambient air.
I!








































































376 81.7 B3.0 25.2 --- 231.8 115.6
377 141.7 76.2 84.0 25.2 --- 233.0 102.0 117.6































SPEC. REV. NO. PRO,.]'. 1130 (J_L_ ,,
LOT NUMBER 544 (3L3-05) }::
GROUPRE%" 098 SUBGROUPDO1 _:-"





































































a taken at 500rw in mo_
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373 158.5 206.6 157.2 152.1


















































DATE • 1-15 1-22











_m_9_Ifu4reo OQ_Qm$_ TABLE 5.4 (Cont'd)
PAGE. 3 OF _
DEVICE TYPE 2N2222
SPEC. REV. NO. ,,Pl_OJ, 1130 (J_.L)
LOT NUMBER 544 (SL3-05) ,
Gram REY 098 SUBGROUP DO1 :_:_
Computation of 8J-A and 8C-A values for 500row operation in moving 100°C air.
Mean values for indlvi4ual units














374 208.2 150.8 155.9 100.5 ---












































































SPEC. REV. NO. PROJ.IIS0 (JPL)
TABLE 5.5 ._
LOT NUMBER 54/4 (_L3-05)
GROUP REY 098SUBGROUP D01
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°C air. s therm)couple
h Reado, ple sol !ere_ to
calculai calcu: :ed M-C
























Computation of 8J-A and 8C-A values for 662 mw operation in moving 100°C air,
Mean values for indiv:,dual units.




UNI T °C ° C eC













373 242.8 164.6 170.9 98.3 -- 218.5
































_78 239.5 159.2 162.7 97.4 -- 214.8 95.4 98.6
l




























DEVICE TYPE 2N2222 h
SPEC. REV. NO. PROJ. 1150 (JPL_!
LOT NUMBER 544 (SL5-05)
GROUPREY 098 SUBGROUPD01






















































_ing 10' °C air.
tlt. 27 il K=-_d_













REMARKS (*) Data indicates thermocouple bond may have
MQTOROLA FORM NO_gP@*_9_I d_ NO_ used in calculation of' mean
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Computation of 83-A and 6C-A values for 778_a
















operation in moving air 100°G,
From From From From
MeaD. Gale. Fleas. Ca1¢.
























374 272.6 184.3 -" 223.1 109.6 119.1
375 272.5 ..... 222.1 --- 107.1
376 272.6 177.5 -- 224.0 101.5 106.9
377 275.3 173.6 -" 227.0 96.2 113.8
378 273.4 174.0 225.6 97.7 108.5
ME
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TABLE 5.7 GnOtP REY 098 susc, notPD01
Calfulated values of TJ & TC - Comparison of measured & calculated values - computation oi eJ-J





































376 117 239.9 184.1 180.9
_-C
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DATE 12-6 1-I 0
STATI ON HO-O1 Rp_noh
IN SP. Page
STRVIP 5-41
REMARKS (*) Apparent measurement error - No___tused in
calculations.












PAGE 1 OF 1 _
_EVlCE TW'E 2N2222
SPEC. REV. NO. PRO3. 1130 (3PL) __
LOT NUMBER 544 (SL5-05)
R_ 098 SUB_ D01




































MI_TOROLA FORM NO, SPO-1079
i
DATE 12-6 1-1 N
STAT I ON H0-01 Bench
IN SP. Page
ST_P 5-42
RpAARKS (*) Apparent measurement error. No___tused in
calculat ions.
(2) % diff. :ence o; measur _d value s (M) a,d Calc_ fated v; lues (C calcu]
















376 202.4 198.5 126.6 --- 226.6 114.5 108.6
A%M-C 1.9
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SPEC. REV. NO. PRO3. 1150 (JPL)
LOT NUMS£R 544 (SL3-05)
GROUPREY 098 SUBGROUPD01
ill.
Calculated values of TJ & TC - Comparison of measured and calculated values-Computat£on of
R/0 14th - 778mw(i) From I From From From &% between &























































































ted M-C X 100
L'J
I I, I I
DATE 1 _-_ 1-10
STATI ON I40-01 Bench
I N SP. Page
STAMP 5-43
REMARKS (*) Apparent measurement error.
calculations.




DATE ,,, ¢ i











SPEC. BEY. NO. Proj 1130 (JPL_ _
LOT NUMBER 544(SL5-05)
GROUP REY 098 SUBGROUP DO1
Computation of temperature coefficient (K) - comparison of thermocouples &





















































mV mv/°C % % %





































































DATE 1-13 lJ13 1-14
STATION Water Water Water
INSP.
STN4P Bath Bath Bath
.fference of meas. value
REMARKS calculated M-C
T X 100.
MOTOROLA FORM NO, $P0-1071
1-14 1-17 1-17 lm17 12--6 1--221
4,














#m_oee I_aliooev TABLE 5.10 (Continued)
PAGE 2 OF 2
DEVlCE TYPE 2N2222
mEC. REV. NO. Proi 11_0 (JPL_
LOT NUMBER "544($L5-05) ,,
GROUP REY 098 _eG_UP DO1




21st - "_?' Factor
Cale. Cale. Calc.
AVBE








22nd - "_' Factor
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DEVICE ME 2N2222
SPEC. REV. NO. PROJ. 1150 (JPL)
LOT _sE, 944 (SL5-05)
GROUPREY 098 SUBGROUPDO1
i
Use of Detecto-Temp paint to determine maximum case temperatures t
All tests performed in moving air at 100"C except




















































































































color color color color color
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MOTOROLA INO. PAGE 2
Semlconels_i_o#,
Pe, o_e@e d_l_oJ_
TABLE 5.11 (Cont'd) DEVICE r'_P£ 2N2222
mEc..Ev. NO. PEnT I_0 (;PT_
LOT NUMBER 544 (SL_-Q$)
Group REY 098 SUBGROUP I)01 ;
%
Verification of case temperature in moving 100°C air at three selected pc_er level_.
I,
Did _c_,l '_ (ii)Case Temp.
- Observed TC range based on change in change _fy























































































REMARKS (1)If meas. or talc. temp. was within 5°Col color NAME
change temp., it was considered verlf£ed. TITLE ,




















6.0 CONCLUSIONS AND RECOMMENDATIONS
6. I Conclusions
The original intent of this program was for Motorola
to refine an existing thermal resistance measuring technique
and to determine its accuracy and repeatability, with the spe-
cific objectives of determining if the measurement technique
was capable of _I0% absolute accuracy and +5% repeatability.
After a thorough review of the data obtained, the re-
suits show that the objectives were successfully achieved.
Absolute accuracy verification by the thermocouple
method demonstrated a "worst case" accuracy of 8.4% for a nomi-
nal eJ-C value of 100°C/W measured with TC of 25°C and 500mW.
This would correspond to an error in TJ of 4.2°C (5.6%) at 75°C
nominal TJ. The majority of this error is attributed to the HT
cement used to bond the thermocouples; since, the successfully
stitch-bonded device showed an absolute accuracy of 1.6%.
The temperature-indicating paint methodutilizing "cap-
ped" devices demonstrated an absolute accuracy of +__8.3% for a
nominal eJ-C value of 100°C/W based on operation in 100°C moving
air and 600mW. This would correspond to an error in TJ of +__5°C
(!2.1%) at 235°C nominal TJo The accuracy in this instance is
limited by the color-change temperature range of !5°C from the
nominal value of 235°C.
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The water bath method demonstrated an absolute ac-
curacy of 1.6% for a nominal 0J-C of 124°C/W measured with TC
of 25°C and 500mW.
The repeatability was demonstrated to be !1.26%,
which is well within the +__5% requirement in the JPL Accelerated
Test Program.
_C-A values for the Motorola 2N2222 device were de-
termined to be 205°C/W for still ambient air, 122°C/W for mov-
ing ambient air, and II0°C/W for moving 100°C air.
It was shown that 0J-C was independent of power level
within the range of power levels normally experienced by the
2N2222, and that the value of 0J-C was not influenced signifi-
cantly by removal of the cap.
6.2 Recommendations
Since the power levels proposed for the JPL Accelerated
Life Test Program were based on a 6J-A value of 300°C/W, it is
recommended that these values be recalculated using the value of
225°C/W. This is based on the value of II0°C/W for 9C-A for 100°C
moving air as determined from the Phase III tests and a nominal
value of II5°C/W for 0J-C that was computed from the data taken
during the repeatability verification experiment.
It is recommended that for any program requiring thermal
resistance measurements on the 2N2222, a group of at least five
6-2
devices be used as correlation samples for setting up tester
HO-01 and for periodically monitoring the bench tester. This
procedure will insure correlation with tester HO-01.
For any program requiring thermal resistance measure-
ments on devices other than the 2N2222, it is recommended that
the "K" factor be initially determined using the water bath
technique and the eC-A value be determined using the actual am-
bient air conditions and the bench tester.
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Purpose and Advantages
Philco Thermal Plotter is an outstanding infrared
sensing device used to analyze the temperature distribu-
tion of small structures, particularly the complex geom-
etries of mici_circuits. Philco Thermal Plotter may
be used beth as a design tool and as an aid in reliability
and life testing. As a microcircuit design tool it enables
rapid evaluation of power handling capabilities for a
variety of operating conditions without extensive life-
testing procedures. Used in reliability and life testing,
the Thermal Plotter is capable of evaluation of large
numbers of microcircuits and other small structures.
The Philco Thermal Plotter is the result of a search
for an improved method of thermal evaluation of small
structures. The emmmmly used techniques have many
disadvantages: the use of themmcouples and of heat-
sensitive films is slow and tedious; they lack the resolv-
ing power necessary to obtain complete information;
their contact with the evaluated slxucture sffec_
heat distrilmtion and muses inaeeuracie_
Basic Design and Operation
The Pldico Thermal Plotter is essentially a high-
semitivity infrared detector combined with a micro-
seope. The heart of the system is an indium antimenide
detects, a solid rote device operating at liquid nitrogen
temperatures. Attached to the detector is a dewar ca-
pable of an uninterrupted 8-hour operation. An optical
system focusses the sensitive areas of the detector on
the sample. The same system also provides visual ob-
servation capabilities by means of an additional eye-
piece with crosshairs. The signal is chopped, amplified
and demodulated by associated electronic circuitry, and
displayed either on a built-in meter or on an external re-
corder, such as an X-Y plotter, strip chart recorder, or
intensity-modulated long-persistence cathode ray tube.
In the manual plotter, the object is mounted on a
micrometer substase and manually positioned while
viewed through the eyepiece. A scanning feature can be
added to the basic unit, thereby e_abling the plotting




A method for the automatic plotting and display of
thermal maps is available.
The sample is mounted on a subetage and the
micrometers are driven by two motom; the pmitional
information is _ to an X-Y recorder, and the out-
put from the IR eell is fed to the memdm_s pea-lift
By using a series of threshold cir_mits, curves of equa: X-Y Imeitionai information is fed to a cathode my tubemdiati_ can be plotted one at a time, thus providing a display unit whose intensity is m dulated by the IR
radiation map of the sample, cell's outlmL A number of threshold circuits can digitize
If a transparent enlarged drawing of the sample is the information to obtain plateaus of equal mdiatkm.
superimposed on the X-Y plot, the emissivity of the In this fashion a radiation plot can be d_played ml
various elements can be taken into consideration, en- the CRT face within a second's time and repeated about
abling the conversion ot the radiation map into a tern- once per second. Using a long-persistence tube, the dis- U
perature ploL play can readily be viewed and also photographed forermanent record. Also, by changing the th es ol set-
High-Speed Dynamic Display tings, the plateaus to be viewed can easily be altered.
' on Cathode Ray Tube ' _ method _ particularly s_ for deeisn purpoeesdue to its rapidity and ease of changing of lettinp. ItSoon to be available will be a display method hav- can abo b#. used u a quality mn_)l tool, either by
ing the advantage of veklmtility and high speed. The visual obeervation or by providing alarm circuJta to
sample is moved by means d a traverse mechanism operate in conjunction with the threshold circuits, giving
while it is scsnnted in the other dimension with the use alarm or rejection signals if the radiation deviatee in
o( a mirror-lens assembly rotating at high speed. The any area from the permJmJb]e 8etpoin_
I For more information about the usei of the Thermal Ploffor,see flue Fo//ow/ g _s:
Walker, M., Roschen J., and Schlegel, E., IEEE Trans. Electron
Dee., ED-I O, No. 4, July 1963, p. 263.
SchlegeI, E.'-_., Ree. Sci. Instr., 34, No. 4, April 1963, p. 360. '
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Figure 3--Philco Thermal Plotter Sensitivity Curve








I SILICON ANNULAR STAR*TRANSISTORS 2N2906-2N2907
, _ DESIGNED for )J_L_ •
I COMPLEMENTARY iir.. ii l  • SILICON
IL. lr'lJ! HIGH-SPEED SWITCHING iLli rJJl " ANNULAR? EPITAXIAL
I "_ _L_?/" APPLICATIONS and ..._/g.. • COMPLEMENTARY
SWITCHING -- -_.
DC to UHF AMPLIFIER _ TRANSISTORS z
CIRCUITS • ,_z ----
. sE.+E..E.1.,
DS 5057 .._, ¢.O N
• High Uniform Beta from 0.1 to 500 mA. • _ w,_
• High Voltage Ratings _ P+
I • _.--" _
• Similar Switching Characteristics •
• Low VcE (,,+}-- 04 V at 150 mA Maximum • _ _=
II • TO _
I • Z
ABSOLUTE MAXIMUM RATINGS •
Characteristic 1 Symbol NPN gnits •
Collector - Base Voltage l[ VCB O 60 Vdc •
Collector - Emitter Voltage I V _ K _til + Vd_ •
tter- Base Voltage l V § I ' _ Ydc
I EBO : '
Collector Current I Io l++++_:_ ++_!j ' mAde •
Total Device Dissipation I PD [ ::: : :;: _:i; : •
i @ 25'C Case Temperature I I I::;" _'_'_: --
To - 5: 2N2218, 2N2219 I P 3 | w •
Derate Ab°ve 25°C I mW/°C •
2N2904, 2N2905 I [ I w
| Derate Above 25'C [ I mW/°C •
I To- 18:2N2221 2N2222 I [ t.8 W •Derate+oe  °C1 I " m+°C
2N2906, 2N2907 I l W •
I berate Above 25°C [ I [ I0_:|;_:_ ! mW/°C •I I ' +': 'r" : ++t&++':++
Total Device Dissipation I PD [ t {:::z'_ i::::: :: •
@ 25 ° C Ambient Temperature I [ :'_:+_i_:'
To- 5: 2N22t8,2N2219 I [ o.+ w •
DerateAbove250C I ++m+ [: ++_:_:+:+.... mw/°c
2N2904, 2N2905 I [ [| :_*::::: W •
Derate Above 25°C / [ .... W/°C •
To-18: 2N2221, 2N2222 I 0,_ _ w
Derate Above 25°C I ++m mW/°C •
2N2906, 2N2907 // I i+ +;+O+1 : w •
Derate Above 25°C ] mW/°C •
Operating Junction Temperature / T I --65tO +175 : °C
[ J ; •
Storage Temperature I Tst --65 to +300 1' _÷_t00 °C •
• / g I •
Trademark of Motorola Inc. f r •
_Manufactured by the annular process, Motorola patents applied o • •
MOTOROLA Semiconductor Products Inc.
1
370
'1-- 33 _ m_
.335
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A SUBSIDIARY OF MOTOROLA ]NC+
i;!ii!?i?!:¸
ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted)
StaticCharacteristic
Collector-Base Breakdown Voltage
(I C = 10 pAdc, I E = 0) All Types
Collector-Emitter Breakdown Voltage*
(I C = 10 mAde, I B = 0) 2N2218-19, 2N2221-22
2N2904 thru 2N2907
Emitter-Base Breakdown Voltage
(I E = 10 _Adc, I C = 0) All Types
Collector Cutoff Current
(VcB = 50 Vdc, I E = 0) 2N2218-19, 2N2221-22
2N2904 thru 2N2907





(VCE = 30 Vdc, VBE = 0.5 Vdc) 2N2904 thru 2N2907
Base Cutoff Current
(VCE = 30 Vdc, VBE = 0.5 Vdc) 2N2904 thru 2N2907
Collector-Emitter Saturation Voltage*
(I C = 150 mAde, I B - 15 made) All Types
= 500 made, I B = 50 mAde) All Types
Base-Emitter Saturation Voltage*
(I C = 150 mAde, I B _ 15 mAde) All Types
(I C - 500 mAde, I B = 50 mAde) All Types
f ._.
DC Forward Current Transfer Ratio
(I C - 0.1 mAde, VCE = 10 Vdc)
(I C - 1.0 made, VCE = 10 Vdc)
(I C = 10 made, VCE = 10 Vdc)
(I C _ 150 mAde, VCE _ 10 Vdc)*
(I C - 500 mAde, VCE - 10 Vdc)*
2N2218, 2N2221, 2N2904, 2N2906
2N2219, 2N2222, 2N2905, 2N2907
2N2218, 2N2221, 2N2904, 2N2906
2N2219, 2N2222, 2N2905, 2N2907
2N2218,2N2221,2N2904,2N2906
2N2219, 2N2222, 2N2905, 2N2907
2N2218, 2N2221, 2N2904, 2N2906
2N2219, 2N2222, 2N2905, 2N2907
2N2218, 2N2221, 2N2904, 2N2906




















































(V_D = 10 Vdc, I E = 0, f = 100 kc)
Input Capacitance
(VBE 0.5 Vdc, I C - 0, f - 100 kc)
(VBE 2 Vdc, I_ - 0, I = 100 kc)
Current Gain - Bandwidth Product
(I C - 20 mAde, VCE - 20 Vdc, f - 100 me)



























































*Pulse Test, Pulse Width _ 300 /_sec, Duty Cycle _ 2%
PNP SWITCHING-TIMETEST CIRCUITS





. _ PW 200 nsecPW 200 nsec "_
FIGURE 1 - SATURATED TURN-ON FIGURE 2 - SATURATED TURN-OFF
SWiTCHING-TIME TEST CiRCUiT SWITCHING-TIME TEST CIRCUIT
v,4_
+,oval - , 3ovI K 5On
_47K
- 4
FIGURE 3 - NON-SATURATED SWITCHING-TIME TEST CIRCUIT
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